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Abstract

Emerging evidence is demonstrating the extent of T-cell infiltration within the tumor
microenvironment has favorable prognostic and therapeutic implications. Hence,
immunotherapeutic strategies that augment the T-cell signature of tumors hold promising
therapeutic potential. Recently, immunotherapy based on intratumoral injection of mannan-BAM,
toll-like receptor ligands and anti-CD40 antibody (MBTA) demonstrated promising potential to
modulate the immune phenotype of injected tumors. The strategy promotes the phagocytosis of
tumor cells to facilitate the recognition of tumor antigens and induce a tumor-specific adaptive
immune response. Using a syngeneic colon carcinoma model, we demonstrate MBTA’s potential
to augment CD8* T-cell tumor infiltrate when administered intratumorally or subcutaneously as
part of a whole tumor cell vaccine. Both immunotherapeutic strategies proved effective at
controlling tumor growth, prolonged survival and induced immunological memory against the
parental cell line. Collectively, our investigation demonstrates MBTA’s potential to trigger a potent
anti-tumor immune response.
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Numerous investigations are demonstrating the extent of T-cell inflammation within the tumor
microenvironment may predict tumor responsiveness to immunotherapy. Hence,
immunotherapeutic strategies that augment the T-cell signature of tumors hold promising
therapeutic potential. In this study, vaccination with irradiated tumor cells mixed with amphiphilic
phagocytic agonists and immunostimulatory adjuvants effectively trigger a potent anti-tumor
immune response.
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1 Introduction

There is growing recognition that the effectiveness of cancer immunotherapies depends on
the presence of a pre-existing immune response and in the ability to harness its full potential.
[1-3] This understanding has served as the impetus for designing new cancer classifications
based on the type, density and location of immune cells within the tumor, a concept known
as the “immune contexture” of tumors.[341 Within this context, the extent of T-cell
infiltration within the tumor microenvironment and their functional characteristics takes
center stage. Tumors with more T-cell inflamed and activated phenotypes are associated with
better response to immunotherapeutic treatments and improved survival.3-71 As such,
immunotherapeutic strategies that augment the T-cell infiltration of tumors and induce more
favorable immunologic contexture signatures hold promising therapeutic potential.

Recently, a promising immunotherapeutic strategy consisting of a combination of mannan, a
polysaccharide derived from Saccharomyces cerevisiae, toll-like receptor (TLR) ligands and
agonistic anti-CD40-monoclonal antibody (abbreviated as MBTA) demonstrated potent
antitumor responses in several murine cancer models when injected intratumorally (/n siti).
[8.9] Mechanistically, mannan serves as a phagocytosis-stimulating ligand when conjugated
to Biocompatible Anchor for Cell Membrane (BAM).[10:11] The linkage of mannan to BAM
(Mannan-BAM) facilitates anchoring of mannan to cell membranes via BAM’s hydrophobic
oleyl group and subsequently exploits mannan recognition by pattern recognition receptors,
leading to complement activation and opsonophagocytosis of tumor cells.[11. 12]

To bolster mannan-BAM'’s inductive effect on innate immune cells, three TLR ligands
(lipoteichoic acid (LTA), polyinosinic-polycytidylic acid (poly(l:C)) and resiquimod
(R-848)) and immunostimulatory anti-CD40-mAb were incorporated as adjuvants.
[8.9.11,13-151 | TA from Bacillus subtilis activates TLR2 mediated inflammatory pathways
known to increase TNFa secretion.[!6: 171 Polyinosinic-polycytidylic acid (poly(l:C)), a
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synthetic analog of viral dsSRNA, activates TLR3 mediated signaling previously
demonstrated to activate antigen-presenting cells (APCs), modulate the phenotype of tumor
associated macrophages to more immunosupportive phenotypes, and induce tumor cell
apoptosis.[17: 18] Resiquimod (R-848), an imidazoquinolinamine and synthetic analog of
viral ssRNA activates TLR7/8 pathways in humans (TLR7 pathway in mice), resulting in
activation of innate immune cells and the induction of Th1 cell-mediated immunity.[17:19. 20]
Lastly, agonistic anti-CD40-mAb is introduced to mimic the natural ligand of CD40on T
helper cells and APCs, including dendritic cells (DC), B cells, and monocytes. CD40

ligation with anti-CD40-mAb results in APC activation and induction of adaptive immunity.
[13,21-23]

Prior MBTA studies demonstrated striking efficacy in regressing primary tumors, injected
with MBTA.[8:91 However, the efficacy and characterization of the immune response
generated against distal, untreated tumors was not explored. Additionally, previous
experimental mouse models of MBTA have relied on the /n-situinjection of MBTA to
generate an antitumor immune response.[8:1 Such therapeutic delivery strategy has
demonstrated efficacy in improving tumor growth control and overall mouse survival.
However, a significant limitation of the /n-sitv injection strategy is its reliance on an
anatomically accessible tumor to inject MBTA. Given that primary tumors are commonly
surgically removed in the clinical setting or may be located in poorly accessible anatomical
locations, we sought to develop an alternative form of therapeutic delivery that does not
depend on the intratumoral injection of MBTA. Considering the amphiphilic biochemical
properties of mannan-BAM, and previous pre-clinical(24-26] and clinicall2-2°] studies
demonstrating promising antitumor effects of irradiated whole tumor cell vaccines, we
assessed if an irradiated whole tumor cell vaccine, pulsed with MBTA, would generate a
similar therapeutic effect.

In the present study, we demonstrated that MBTA injection can induce an adaptive immune
response to a distally untreated tumor using a murine colon carcinoma model. We also
showed that MBTA could be delivered in combination with whole tumor cells to create an
effective vaccine against established tumors.

2 Results

2.1 MBTA elicits rejection of primary and metastatic (distal) CT26 tumors

To test the hypothesis that local intratumoral injection of MBTA could generate an adaptive
immune response against distal tumors, we used CT26, a murine colon carcinoma cell line
(Figure. 1). First, we established a subcutaneous tumor model by inoculating CT26 tumor
cells (5.5 x 10°) in the right flank, creating a representative primary tumor, while a distal
representative metastatic tumor was established by inoculating CT26 tumor cells (2.5 x 10°)
in the left flank at the same time (Figure. 2A and Figure S1, Supporting Information). After
10 days, mice bearing left flank tumors (average left flank tumor volume - 31.3 mm3) were
randomized into two treatment arms: normal saline (control) and /n-situv injection of MBTA
into right flank tumors. Treatments were administered every day for 3 days then repeated
weekly for a total of 4 weeks (Figure. 2B). Tumor growth was assessed twice a week until
survival end point.
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Four days after the start of treatment, a Mann-Whitney U'test revealed a statistically
significant difference in both right and left flank tumor volumes between /in-situ MBTA
injected mice versus saline treated mice (median tumor volumes + SEM of /n-situ MBTA vs
saline treated mice: right flank treated tumors - 74.4 + 8.8 vs 150.2 + 28.1 mm3, p = 0.0041;
left flank distant tumors - 39.7 + 5.3 vs 111.0 + 11.5 mm3, p = 0.0006) (Figure. 2C & D,
Figure S2 and Table S3A & B, Supporting Information). Additionally, /n-situ MBTA
injected mice demonstrated a significantly improved survival when compared to saline
treated mice (median survival £ SEM of /n-situ MBTA vs saline treated mice: 67 £ 11.7 vs.
18 + 1.2 days, p = 0.0002 by Log-Rank test) (Figure. 2E). Of note, 2/7 (28.6%) MBTA
treated mice achieved complete regression (CR) for the duration of the study. These results
suggest that /n-situ injection of MBTA into right flank tumors suppressed distal tumor
growths.

2.2 Effect of MBTA on distal tumors is dependent on adaptive immunity

CT26 tumor-bearing mice were subjected to CD4* or CD8* T-cell ablation to assess if the
observed antitumor effect is a T-cell mediated process. Depletion antibodies were
administered both prior to and during treatment. T-cell depletion was confirmed via flow
cytometry 16 days after initiating treatment (Figure. S4, Supporting Information). CD4* and
CD8™" T-cell depleted mice were subjected to the same /n-situ MBTA treatment schedule as
above.

Ten days after the start of treatment, a Kruskal-Wallis test revealed a statistically significant
difference in both right and left flank tumor volumes (p = 0.0019 and 0.0057, respectively,
Table S5A and B) corresponding to the following four treatment groups: non-T-cell depleted
in-situ MBTA treated mice, CD4* depleted /n-situ MBTA treated mice, CD8" depleted /-
situ MBTA treated mice, and saline treated mice (Figure. 2F & G). A post hoc analysis of
median tumor volumes on treatment day 10 revealed that there was no significant difference
in right flank treated tumor volumes between CD4* depleted /in-situ MBTA treated mice
when compared to the right flank treated tumor volumes of non-T-cell depleted /n-situ
MBTA treated mice (Figure. 2F and Table S5A, Supporting Information) (median tumor
volumes + SEM: CD4* depleted vs non-T-cell depleted /n-situ MBTA treated mice — 199.6
+71.3 vs 136.9 + 19.8 mm3, Bonferroni adjusted p > 0.05). In contrast, right flank tumor
volumes of both CD8* depleted /n-situ MBTA treated mice and saline treated control mice
were significantly larger when compared to right flank tumors of non-T-cell depleted /n-situ
MBTA treated mice (median tumor volumes + SEM: CD8* depleted vs non-T-Cell depleted
in-situ MBTA treated mice — 222.4 + 31.9 vs 136.9 + 19.8 mm3, Bonferroni adjusted p =
0.0420; saline treated vs non-T-cell depleted /n-situ MBTA treated mice — 595.4 + 133.6 vs
136.9 + 19.8 mm3, Bonferroni adjusted p = 0.0111). Collectively, right flank tumor growth
data suggests that CD8* T-cells significantly affect tumor growth control of right flank
tumors.

A post hoc analysis of median tumor volumes on treatment day 10 also revealed that there
was no significant difference in left flank distant tumor volumes between CD4* or CD8*
depleted /in-situ MBTA treated mice when compared to the left flank distant tumor volumes
of saline treated control mice (Figure. 2G and Table S5B, Supporting Information) (median
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tumor volumes + SEM: CD4" depleted /n-situ MBTA treated vs saline treated mice — 448.7
+291.1 vs 607.4 + 121.1 mm3, Bonferroni adjusted p > 0.05; CD8" depleted /n-situ MBTA
treated vs saline treated mice - 582.5 + 75.6 vs 607.4 + 121.1 mm3, Bonferroni adjusted p >
0.05). In contrast, left flank distant tumor volumes of non-T-cell depleted /n-situ MBTA
treated mice were significantly smaller when compared to the left flank distant tumor
volumes of saline treated control mice (median tumor volumes + SEM: non-T-cell depleted
in-situ MBTA treated vs saline treated mice — 158.7 + 72.5 vs 607.4 + 121.1 mm3,
Bonferroni adjusted p = 0.0074). Left flank tumor growth data suggests that CD4* and
CD8™" T-cells significantly affect tumor growth control of distal left flank tumors.

In addition to differences in tumor growth, T-cell depletion studies also revealed differences
in survival between the aforementioned 4 treatment groups (Log-Rank test p = 0.0003). Both
CD4" and CD8™ depleted /n-situ MBTA treated mice demonstrated no significant
improvement in survival when compared to saline treated control mice (median survival +
SEM of CD4" depleted /n-situ MBTA vs saline treated mice: 21 + 3.2 vs 17 + 0.9 days,
Tukey-Kramer adjusted p > 0.05; CD8* depleted /n-situ MBTA vs saline treated mice: 17 +
0.6 vs 17 £ 0.9 days, Tukey-Kramer adjusted p > 0.05) (Figure. 2H). In contrast, non-T-cell
depleted /in-situ MBTA treated mice demonstrated a significant improvement in survival
when compared to saline treated control mice (median survival £ SEM of non-T-cell
depleted /in-situ MBTA treated mice vs saline treated mice: 28 £ 2.4 vs 17 £ 0.9, Tukey-
Kramer adjusted p = 0.0002). Collectively, CD4* and CD8* T-cell depletion data suggests
MBTA’s therapeutic efficacy at distal, left flank tumors is dependent on T-cells.

When compared to the median survival of /n-situ MBTA injected mice in Section 2.1, mice
in the non-T-cell depleted /n-situ MBTA injected treatment arm demonstrated a decreased
median survival time (median survival = SEM of /n-situ MBTA injected mice in Section 2.1
vs non-T-cell depleted /n-situ MBTA injected mice: 67 = 11.7 vs 28 + 2.4 days). The
difference in survival time can be attributed to the experimental design of each experiment.
Animals corresponding to Results Section 2.1 were subcutaneously inoculated with 2.5 x
10° CT26 tumor cells in the left flank to establish a distant (representative metastatic) tumor,
while animals in this experiment were inoculated with 5.0 x 10° CT26 tumor cells. At the
start of treatment, animals in this section had developed significantly larger left flank distal
tumors compared to those in Section 2.1 and therefore reached the study end point
substantially faster. Nevertheless, despite the aforementioned differences in the number of
CT26 cells used to establish left flank tumors, both experiments independently confirmed
that /n-situ treatment with MBTA into right flank tumors significantly reduced the tumor
growth of distal left flank tumors and significantly improved the median survival of MBTA
treated mice when compared to saline treated control mice.

2.3 MBTA stimulates the innate and adaptive immune systems to elicit rejection of
primary and metastatic CT26 tumors

Immunophenotyping (1.P.) of tumors were performed to further assess the immune profile of
the tumor microenvironment using the subcutaneous tumor model. Both right and left flank

tumors were harvested 10 days and 16 days after the start of MBTA treatment. The timing of
the 1.P. analyses in this study deserves specific explanation. To elucidate temporal changes in
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immune cell populations, I.P. analyses were completed at two distinct time points (Figure.
3A). Specifically, the first timepoint was carried out 10 days after first treatment and within
6 hours following /n-situ injection of MBTA. Day 10 was chosen to coincide with the final
injection of the 2" set of treatments and would provide insight into the acute changes of
immune cell populations immediately following treatment. The second time point was
carried out 6 days later, on day 16, to assess interim changes in immune cell composition.

Results from both 1.P. (Day 10) and 1.P. (Day 16) analyses revealed that /n-situ injection of
MBTA into right flank tumors significantly increased the infiltration of immune cells
(CD45" cells) into both right and left flank tumors of MBTA treated mice compared to
saline treated (control) mice (Figure. 3B & C). Assessment of the innate leukocyte
subpopulations in right flank tumors on I.P. (Day 10) revealed a striking dendritic
(CD45.2+CD11c+MHCII+) and neutrophilic (CD45.2+ CD11c-CD11b+ Ly6G+)
inflammatory response in MBTA treated mice versus control mice (Figure. 3D). Six days
later, results from 1.P. (Day 16) analysis of right flank tumors revealed a significant decrease
in neutrophils and a significant increase in antigen presenting cells (APCs), including
dendritic cells and MHC class 11 positive monocytes (CD45.2+ CD11¢c-CD11b+Ly6G-Ly6C
high MHC I1+) (Figure. 3D and Figure. S6A). Additionally, assessments of the innate
immune cell populations at distal, non-treated left flank tumors similarly revealed an
increased, though not significant neutrophilic immune response on I.P. (Day 10), followed
by a significant increase in APCs (dendritic cells and MHC class Il positive monocytes) on
I.P. (Day 16) in tumors of MBTA treated mice versus control (Figure. 3E and Figure. S6B).
These results suggest MBTA therapy facilitates neutrophil and APC trafficking to tumors,
thereby promoting phagocytosis of tumor cells and processing for the further development
of tumor-specific adaptive immune responses.

Although no significant changes were appreciated in the overall quantity of macrophages
(CD45.2+CD11c-CD11b+ Ly6G- Ly6C-/low) (Figure. 3D & E), an assessment of the
CD206 positive alternatively activated macrophage (AAM) population, also known as M2-
macrophages (CD45.2+ CD11c-CD11b+ Ly6G- Ly6C-/low CD206+), demonstrated that the
percentage of AAM was significantly decreased in primary (MBTA treated) tumors on both
I.P. (Day 10) and I.P. (Day 16) analyses (Figure. S6C, Supporting Information). Similarly,
distal tumors from the MBTA treatment arm also revealed a significant decrease in the
percentage of AAM on I.P. (Day 10) (Figure. S6D, Supporting Information). This finding is
consistent with previous investigations demonstrating that TLR agonist and anti-CD40
antibody can skew the polarization of tumor associated macrophages (TAM) towards an M1-
like phenotype.30

Results from I.P. (Day 10) and I.P. (Day 16) analyses also revealed an overall increase in
adaptive immune cells found at both right and left flank tumors of MBTA treated mice
compared to saline treated mice (Figure. 4A & B). At right flank treated tumors, I.P. (Day
16) analysis revealed that MBTA treated mice demonstrated a significant increase in CD8*
T-cells (CD45.2+TCRB+CD4-CD8+) and B-cells (CD45.2+TCRB-CD19+) (Figure. 4A). In
contrast, at left flank distant tumors, results from I.P. (Day 10) and I.P. (Day 16) analyses
revealed that both CD8* T-cell and B cell populations were significantly increased in tumors
extracted from MBTA treated mice compared to saline treated mice (Figure. 4B). These
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results suggest that /n-situ injection of MBTA at right flank tumors augments the overall
quantity of adaptive immune cells to distal, non-treated left flank tumors. Additionally, these
results underscore MBTA’s therapeutic potential to modulate the T-cell inflammatory
response at representative metastatic lesions.

Cytokine secretion analyses of CD4* (CD45.2+TCRB+CD4+CD8-) and CD8* T-cell
populations extracted from left flank distant tumors were also completed to assess the
functional effect of /n-situ injection of MBTA on T-cells. Upon extraction, T-cells were
stimulated with PMA/lonomycin /n vitro and assessed for intracellular expression of IFN-y,
TNFa and Granzyme B. T-cells harvested from MBTA treated mice on I.P. (Day 10) and
(Day 16) demonstrated higher production of IFNy and TNFa (Figure. 4C). Notably, CD8*
T-cells demonstrated a significant increase in IFN+y on I.P. (Day 10) and a significant
increase in TNFa during the six-day interval between I.P. (Day 10) and (Day 16). We also
noticed increased Granzyme B positive CD8* T cells, however, the increase did not reach
statistical significance (Figure. S6E, Supporting Information). These results reveal that
MBTA treatment significantly augmented the quantity and activation of CD8* T-cells within
left flank distant tumors, suggesting their major role in MBTA-induced tumor growth
inhibition.

To assess if MBTA therapy generated higher quantities of CD8* T-cells (CTLs) against the
immunodominant epitope of CT26, gp70423-431 (AH-1)[311, AH-1 loaded H-2L9 tetramer
was used. We asked if /n-situ MBTA treated mice had a higher quantity of AH-1/H-2L.9-
specific CD8* T-cells relative to saline treated (control) mice. Peripheral blood samples and
left flank tumors of /in-situ MBTA treated and control mice were collected 11 days after the
start of treatment for analysis. /n-situ MBTA treated mice had a significantly higher
percentage of AH-1/ H-2L9-specific CD8" T-cells in whole blood relative to control mice (p
= 0.02 by Mann-Whitney U'test, Figure. 4D). /n-situ MBTA treated mice also demonstrated
a trend of increase in the percentage of AH-1/H-2L%-specific CD8* T-cells within left flank
tumors relative to control mice (p = 0.06 by Mann-Whitney U'test, Figure. 4E). These results
suggest that /n-situ MBTA injections increase the AH-1-specific CD8* T-cell clones
circulating in blood and in representative metastatic left flank tumors within 11 days from
the start of MBTA treatment.

Taken together, in-situ injection of MBTA resulted in significant changes in the
immunophenotypes of representative primary and metastatic tumors. At representative
primary right flank tumors, MBTA treatment generated an innate inflammatory response that
was first characterized by a strong neutrophilic and dendritic cell predominance and later
followed by a significant increase in APC populations (MHC I+ monocytes and dendritic
cells). At representative metastatic left flank tumors, MBTA treatment strengthened the
adaptive immune response by increasing the overall supply of CD8* T-cells and B-cells
infiltrating left flank tumors. T-cells extracted from left flank tumors were not only higher in
quantity, but also demonstrated higher expressions of IFNy and TNFa cytokines, validating
their enhanced tumoricidal activity. Collectively, these findings are consistent with the
observation that /n-situ MBTA treatment elicits tumor rejection of representative metastatic
tumors.
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Irradiated whole tumor cell-MBTA vaccine generates potent antitumor immunity

Aforementioned MBTA experiments have relied on the presence of a pre-established tumor
at the right flank for /n-situinjection of MBTA. This therapeutic method has indeed shown
efficacy in slowing tumor growth, prolonging survival and achieving complete regression in
a subset of treated animals. However, recognizing that primary tumors are commonly
debulked surgically in the clinical setting or may be nestled in poorly accessible anatomical
locations, we sought to develop an alternative form of therapeutic delivery that does not
depend on the presence of a pre-established primary tumor to render therapeutic efficacy at
distal, non-treated tumors.

Given mannan-BAM’s efficacy in anchoring into tumor cell membrane, we assessed if
subcutaneous vaccinations consisting of sublethally irradiated autologous whole tumor cells
(Figure S7, Supporting Information) pulsed with MBTA /n-vitro would render a similar
therapeutic effect as the /n-situ MBTA injection strategy (Figure. 5A). To address this
question, we inoculated mice with CT26 cells (2.5 x 10°) at the left flank. After 11 days,
mice bearing tumors (average tumor volume — 42.4 mm3) were randomized into 3 treatment
arms — normal saline (control), radiated CT26 cells (rCT26) or rCT26-MBTA vaccine. In
accordance with the previously described therapeutic schedule, mice received a total of 12
vaccines according to their respective treatment group (Figure. 5B). Vaccines were delivered
subcutaneously into the right flank and tumor growth was assessed twice a week until
survival end point.

After 6 days of treatment, a Kruskal-Wallis test revealed a statistically significant difference
in tumor volumes corresponding to the saline treated control, rCT26 and rCT26-MBTA
treatment arms (p = 0.0108) (Figure. 5C, Table S8A). A post hoc analysis revealed that
rCT26-MBTA vaccinated mice demonstrated significantly smaller median tumor volumes
compared to rCT26 or saline vaccinated mice after 6 and 15 days of treatment, respectively
(Day 6: median tumor volumes + SEM of rCT26-MBTA vs rCT26 vaccinated mice — 47.7 +
19.0 vs 247.1 + 37.3 mm3, Bonferroni adjusted p = 0.0279; Day 15: median tumor volumes
of rCT26-MBTA vs saline vaccinated mice — 67.6 + 137.7 vs 971.2 + 320.3 mm3,
Bonferroni adjusted p = 0.0420). Of note, no significant difference in tumor volumes were
appreciated between rCT26 and saline treatment arms (Bonferroni adjusted p > 0.05).

In addition to improved tumor growth control, mice in the rCT26-MBTA vaccine treatment
group also demonstrated a significant increase in survival when compared to saline or rCT26
vaccinated mice (median survival + SEM of rCT26-MBTA vs saline treated mice: 44 £ 9.2
vs 20 £ 1.9 days, Tukey-Kramer adjusted p = 0.0071; median survival of rCT26-MBTA vs
rCT26 vaccinated mice: 44 + 9.2 vs 20 + 2.1 days, Tukey-Kramer adjusted p = 0.0034)
(Figure. 5D). In contrast, mice in the rCT26 vaccine treatment group demonstrated no
significant increase in survival when compared to saline treated mice (median survival =
SEM of rCT26 vs saline treated mice: 20 + 2.1 vs 20 + 1.9 days, Tukey-Kramer adjusted p >
0.05). Of note, 1/8 (12.5%) of rCT26-MBTA vaccine treated mice achieved complete
remission (CR) for the duration of the study. (Figure. 5D). These results suggest that
treatment with a total of 12 rCT26-MBTA vaccines can successfully generate a potent
antitumor immune response.
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We also evaluated the quantities of AH-1/H-2L9-specific CD8" T-cells found in peripheral
blood samples and within distal, non-treated flank tumors. Peripheral blood samples were
collected 10 days after the start of treatment and after receiving a total of 2 vaccinations.
Tumors were harvested 22 days after the start of treatment and after receiving a total of 4
vaccinations which is in accordance with the known timeline for T-cell activation after initial
antigen stimulation.[32] rCT26-MBTA vaccine treated mice demonstrated a significantly
higher percentage of AH-1/H-2L9-specific CD8* T-cells in whole blood relative to saline
treated (control) mice (p = 0.0018 by Kruskal-Wallis test, Figure. 5E).

Tumor infiltrating lymphocytes were isolated and analyzed by flow cytometry to assess the
presence of AH-1/H-2L9%specific CD8* T-cells in tumors. rCT26-MBTA vaccine treated
mice similarly had a significantly higher percentage of AH-1/H-2L%-specific CD8* T-cells
within tumors relative to control (p = 0.0169 by Kruskal-Wallis test, Figure. 5F). Although
not statistically significant, rCT26 vaccine treated mice demonstrated a trend of increase in
the percentage of AH-1/H-2L%-specific CD8* T-cells found in whole blood and within
tumors when compared to saline treated mice (p = 0.1642 and 0.6469, respectively, by
Kruskal-Wallis test). Collectively, AH-1-MHC tetramer results suggest that a significantly
higher quantity of AH-1-specific CD8* T-cell clones were found in whole blood and within
tumors of rCT26-MBTA vaccine treated mice when compared to saline treated control mice,
underscoring its potential to generate CD8* T-cell responses against CT26-specific antigens.

To assess for the general tolerability of MBTA treatments, we compared body weight
changes associated with both /n-situ MBTA and rCT26-MBTA vaccine treatments. /n-situ
MBTA treated mice demonstrated a significant acute drop in mean body weight 3 days after
the start of treatment when compared to pre-treatment levels (Figure. S9A, Supporting
Information). The loss in body weight was recuperated 7 days after the start of treatment. In
contrast, mice treated with rCT26-MBTA vaccines demonstrated no significant changes in
body weight (Figure. S9B, Supporting Information). Of note, none of the /n-situ MBTA or
rCT26-MBTA vaccinated mice died unexpectedly in our investigations, suggesting that
treatment with MBTA was overall well-tolerated.

2.5 MBTA therapy induces antigen-specific long-term memory

A series of tumor re-challenge experiments were performed to assess if treatment with
MBTA induced immunological memory against CT26 tumors. All mice that achieved
complete regression (CR, n = 4) of CT26 tumors were challenged after a minimum of 50
days had passed from their last day of treatment. Naive BALB/c (Control) and MBTA
treated mice were inoculated with CT26 cells in the left flank, opposite from the site of
initial treatment. All control mice demonstrated development of tumors and reached
corresponding end points. In contrast, all CR mice displayed no evidence of tumor growth,
confirming the induction of an effective immunological memory against CT26 tumor
antigens (Figure. 6A & B and Table S8B, Supporting Information).

To assess if immunological memory extended beyond peripheral circulation and could
engage CT26 tumors within the central nervous system (CNS), we challenged the same
MBTA treated mice that achieved CR intracranially. CT26-Luc cells with stable luciferase
expression were used in this experiment to facilitate monitoring of intracranial tumor
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growth. MBTA treated and control mice were inoculated with CT26-Luc cells in the frontal
lobe. All control mice developed intracranial tumors and reached corresponding end points
while none of the previously treated mice demonstrated evidence of intracranial tumor
formation (Figure. 6C & D). Taken together, re-challenge experiments revealed that MBTA
treated mice developed immunological memory against CT26 cells that is not only durable,
but also sufficiently robust to prevent the relapse of parental tumors in both the periphery
and intracranially.

3. Discussion

We investigated the immunotherapeutic potential of MBTA to modulate an antitumor
immune response against representative primary and metastatic tumors of the CT26 colon
carcinoma cell line. The immunotherapeutic strategy leverages the use of phagocytosis
stimulating ligands and immunostimulatory adjuvants for directing an immune response
against tumor-specific antigens (TSA). We find that MBTA delivered as an /n-situtumor
injection or as part of a whole tumor cell vaccine generates a potent tumor-specific adaptive
immune response capable of controlling tumor growth and inducing tumor regression in a
subset of representative metastatic tumors. Notably, both forms of MBTA delivery achieve
long-lasting immunological memory against the CT26 colon carcinoma cell line that is
effective at clearing reappearing CT26-associated antigens in immunized mice.

Previous MBTA investigations demonstrated that /n-sitv injection of MBTA induced potent
innate immune responses against vaccinated tumors.[8:91 More recently, in a
pheochromocytoma mouse model, Caisova et al. demonstrated that /n-situ injection of
MBTA resulted in lower tumor burden of metastatic organ lesions when compared to PBS-
treated control mice and significantly prolonged survival.[] However, a limitation of the
study included the lack of assessment of the immune cells infiltrating metastatic organ
lesions. Hence, the efficacy and the characterization of the immune response at distant
untreated tumors remained to be investigated and was a point of focus in this study.

Our experimental results demonstrated that /n-situ injection of MBTA culminated in the
induction of a systemic immune response capable of delaying tumor growth and inducing
complete tumor regression in a subset of untreated representative metastatic tumors.
Moreover, through immunophenotyping (1.P.) analyses of both /n-situ MBTA treated tumors
and distant untreated tumors, we make several unique observations pertaining to MBTA’s
antitumor effect.

First, in-situinjected tumors demonstrate a significant increase in the percentage of
infiltrating neutrophils and dendritic cells when compared to saline treated controls. In a
second set of I.P. analyses completed 6 days after /in-situ MBTA treatment, we found
dendritic cells and monocytes became the predominant immune cell population within /n-
situvaccinated tumors. Considering that tumors commonly display genomic instability and
develop TSA unique to patients,[3334] the increased trafficking of APC’s to MBTA treated
tumors provides a favorable immunological condition for APC processing of TSA and for
the subsequent development of tumor-specific adaptive immune responses.
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Assessment of the adaptive immune cell populations within /n-situv injected and distant
untreated tumors provides a second set of observations relating to MBTA’s potential to
stimulate adaptive immune responses against representative metastatic tumors. Notably,
MBTA treated mice demonstrated a significant increase in CD8* T-cells and B cells within
representative metastatic tumors. Moreover, further investigation into the functional states of
the T-cells extracted from representative metastatic tumors revealed that CD8* T-cells from
MBTA treated mice were more cytotoxic as indicated by TNFa and IFN-y expressions.
Collectively, these findings validate MBTA’s potential to modulate the immune phenotype
of tumors, which may be an important consideration for predicting tumor response to
immune check point inhibitors and other immunotherapeutic strategies.[34-36]

The aforementioned experimental results demonstrate the efficacy of /n-situ injection of
MBTA in generating a systemic antitumor immune response. However, a key limitation in
the translational applicability of /n-situtreatment with MBTA lies in its reliance on a pre-
established tumor to generate its antitumor effect. Considering the wide anatomic variability
of tumors encountered in the clinical setting and the fact that many primary tumors are
surgically excised, we designed a new therapeutic delivery for MBTA that circumvented the
need for /in-situ delivery of MBTA. Specifically, we are the first to report that a vaccine
composed of irradiated autologous tumor cells pulsed with MBTA (rCT26-MBTA vaccine)
induces a potent tumor-specific adaptive immune response.

The design of the rCT26-MBTA vaccine provides several advantages over the in-situ
delivery of MBTA. First, similar to the /in-situ injection strategy, the rCT26-MBTA vaccine
leverages the acquired amphiphilic properties of mannan when linked to BAM. Notably,
because colon carcinoma cells are pulsed with MBTA in vitro, the interactions between
mannan-BAM and tumor cell membranes are more specific, reducing the potential for off-
target interactions between mannan-BAM and non-tumorous cells. Second, it is well
established that the tumor microenvironment plays an important role in promoting tumor
progression, including precluding effective processing of TSA by APCs.[37-39] |n this
context, the rCT26-MBTA vaccine provides a more favorable immunological setting for
APCs to recognize, process and present tumor-specific antigens to effectors of the adaptive
immune system. Lastly, although MBTA-pulsed tumor cells are initially irradiated to prevent
tumor outgrowth, tumor cell irradiation itself provides an additional pro-inflammatory
component targeted by dendritic cells and promote immunogenic cell death.[40. 41]

Collectively, our investigation into immunotherapy with MBTA underscores its potential to
render a potent antitumor immune response against both primary and representative
metastatic tumors. The observed antitumor effect can be generated via /n-situ injection of
MBTA or through a subcutaneous vaccination consisting of irradiated whole tumor cells
pulsed with MBTA. Immunotherapy with MBTA addresses two important challenges in
cancer immunology, namely, the effective recognition of tumor specific neoantigens and the
induction of more favorable T-cell signatures within the tumor microenvironment. Given the
current therapeutic limitations for addressing solid tumors and metastatic disease, we see
great translational potential for adapting MBTA immunotherapy into the clinical setting.
Specifically, we envision MBTA immunotherapy playing a distinct role in addressing
primary tumors located in anatomically sensitive or difficult to reach locations and secondly
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as part of a whole tumor cell vaccine regimen intended to reinforce T-cell migration to
distant metastatic lesions.

4. Experimental Section

Experimental Design:

Our first objective was to characterize the abscopal therapeutic effect resulting from
intratumoral (/n-sitd) injection of MBTA. To advance our investigation, we simultaneously
implanted syngeneic CT26 tumors at two separate anatomical locations on mice. Tumors
located on the right flank served as the site for MBTA injection, while tumors on the left
flank remained untreated. Both tumor sites were routinely monitored and measured to assess
for tumor growth. Innate and adaptive immune cell populations were analyzed by flow
cytometry. Cytotoxicity activities of adaptive immune cells were assessed by cytokine
(IFNy, TNFa and Granzyme B) staining and AH-1-tetramer staining. Mice that achieved
complete regression of CT26 tumors were re-challenged with the parental cell line to
confirm the development of immunological memory.

Our second objective was to assess if a subcutaneous vaccine composed of irradiated CT26
cells pulsed with MBTA (rCT26-MBTA vaccine) was effective in controlling tumor growth
at distant tumors. To advance this investigation, we implanted syngeneic CT26 tumors over
the left flank of mice and subcutaneously delivered the rCT26-MBTA vaccine into the right
flank. Tumors were routinely monitored and measured to assess for tumor growth.
Additionally, each mouse treated with the rCT26-MBTA vaccine was monitored to confirm
no tumor development in the right flank. The cytotoxicity activities of CD8" T-cells in the
tumors was assessed by AH1-tetramer staining. Mice that achieved complete regression of
CT26 tumors were similarly re-challenged with the parental cell line to confirm the
development of immunological memory.

Drugs and Mannan-BAM Synthesis:

Mannan and polyinosinic—polycytidylic acid sodium salt were obtained from Sigma-Aldrich
(St. Louis, Mo). Lipoteichoic acid was obtained from Sigma-Aldrich (St. Louis, Mo) and
InvivoGen (San Diego, CA). Resiquimod was obtained from Tocris Bioscience (Minneapolis
MN). Anti-mouse CD40 (clone: FGK4.5/GFK45) was obtained from BioXCell (West
Lebanon, NH). Biocompatible anchor for cell membrane (BAM) was obtained from NOF
America Corporation (White Plains, NY).

Mannan-BAM synthesis was performed as previously reported.[®11.141 Aminated mannan
was prepared by reductive amination.[42] Mannan solution in an environment of ammonium
acetate (300 mg ml~1) was reduced by 0.2 M sodium cyanoborohydride at pH 7.5 and 50 °C
for five days. Solution was further dialyzed using MWCO 3500 dialysis tubing (Serva,
Heidelberg, Germany) against PBS at 4 °C overnight. Binding of BAM on amino group of
mannan was performed at pH 7.3 according to Kato et al.[1% During one hour at room
temperature N-hydroxysuccinimide (NHS) group of BAM reacted with amino group of
mannan. Solutions obtained after dialysis as above was stored frozen at —20 °C until use.
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CT26 colon carcinoma cells were obtained from ATCC. Tumor cells were cultured in
complete medium (RPMI 1640, Gibco) containing 10% (vol/ vol) FBS (Gibco), 100 U mlI~1
penicillin, 100 pg mi~1 streptomycin (Gibco). We verified that none of the cell lines used in
this study were found in the Register of Misidentified Cell Lines maintained by the
International Cell Line Authentication Committee (http://iclac.org/databases/cross-
contaminations/). The cell lines were tested and shown to be negative for mycoplasma
contamination using PCR amplification. CT26-Luc cells were generated by stable
transduction of luciferase-containing lentivirus (EFla-ffLuc2-eGFP) into naive CT26 cells.

Syngeneic Tumor Models:

Mice were maintained, and experiments were conducted with the approval of the NCI
Animal Use and Care Committees. For CT26 tumors, female BALB/c (6-8-week-old) were
purchased from Charles River Laboratory. CT26 cells (2.5 — 5.5 x 10°) suspended in 100—
200 pL PBS were subcutaneously injected into right or left flanks. Tumor volume was
measured twice per week using a caliper and tumor volume was calculated according to the
formula: Volume (mm3) = LxW?2 /2, where L is the length and W is the width of the tumor
(in millimeters).

For the T-cells depletion studies, mice in the CD8* and CD4* depletion groups were injected
with 250 ug of CD8-depleting antibodies (clone 53-6.7; BioXcell) and CD4-depleting
antibodies (clone GK1.5; BioXcell), respectively. Injections were given -2 day, —1 day, and
on the day of therapy initiation (day -2, -1, 0) then weekly thereafter.

Sample sizes of animal studies were determined empirically based on previous pilot
experiments. Pre-established starting tumor size used as inclusion criteria for randomization
was determined by pilot experiments. Investigators performed randomization manually and
were not blinded from the group allocation during outcome measurement. Survival end point
for all animal studies were defined according to the following criteria: (1) tumor volume
exceeding 2000 mm3, (2) tumor diameter exceeding 2 cm, (3) severe non-healing skin
necrosis over the tumor.

For tumor re-challenge studies, mice that achieved complete regression of CT26 tumors
(n=4) and naive female BALB/c mice were inoculated with 4.5 x 10° CT26 cells suspended
in 100 ul PBS into left flank. For intracranial tumor challenge, both CR (n=4) and naive
female BALB/c mice were inoculated with CT26-Luc cells. Briefly, using a Hamilton
syringe (Hamilton Company), 1.0 x 10# CT26-Luc cells in 2 uL HBSS containing 5 ug/mL
DNase | were stereotactically injected through an entry site at a point 1 mm rostral of the
bregma, 2 mm right of midline, and 2 mm deep from the skull surface in the right frontal
lobe, as previously reported[43]. Surgical anesthesia was obtained via vaporized isoflurane.

In-situ MBTA Injections:

For in-situ MBTA injections, 50 pl of the therapeutic mixture consisting of 0.5 mg R-848
(HCI form), 0.5 mg poly(l:C), 0.5 mg LTA, and 20 pg anti-CD40 per ml of 0.2 mM mannan-
BAM in PBS was injected intratumorally.
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Irradiated whole tumor cell-MBTA vaccine:

For rCT26-MBTA vaccines, 100 uL of the following therapeutic mixture were injected
subcutaneously into the right flanks of rCT26-MBTA treated mice: a) 1 x 10° irradiated
CT26 cells suspended in 50 pl PBS and b) 50 pl of the therapeutic mixture consisting of 0.5
mg R-848 (HCI form), 0.5 mg poly(l:C), 0.5 mg LTA, and 20 pg anti-CD40 per ml of 0.2
mM mannan-BAM in PBS. The irradiated whole tumor cell (CT26)-MBTA vaccine (rCT26-
MBTA vaccine) was generated by first irradiating tumor cells (1 x 106 tumor cells
suspended in 50 pl PBS, dose per mouse) with 50 Gy in a 13’Cs MARK | model irradiator
(JL Shepherd & Associates, San Fernando, CA). CT26 tumor cells were initially irradiated
to induce tumor cell apoptosis and prevent tumor outgrowth when used as a component in
the rCT26-MBTA vaccine (Figure. S7, Supporting Information). Irradiated cells were then
pulsed (incubated) with MBTA (50 pl, dose per mouse) for 1 hour and subsequently injected
subcutaneously to the right flank of treated animals according to the specified therapeutic
schedule.

Mice receiving the rCT26 vaccine were injected with 1 x 108 irradiated tumor cells
suspended in 100 pl PBS (dose per mouse).

Immunophenotyping (I.P) of tumors with flow cytometry:

CT26 tumors were established by injecting 5.0 x 10° CT26 cells to the right and left flanks.
Two independent sets of I.P experiments were completed after 10 and 16 days from the start
of treatment. Each I.P experiment consisted of control (n = 5) and MBTA treated mice (n =
5). After mice were sacrificed, both right and left flank tumors were excised and subjected to
mechanical disruption using a GentleMACS Dissociator (Miltenyi Biotec) in the presence of
enzymatic digestion using Tumor Dissociation Kit (Miltenyi Biotec).

Antibodies for flow cytometry staining are listed in Figure. S10, supporting information.
Gating strategy used for I.P analyses of tumors was performed as previously reported
(Figure. S11-13).144] Specific immune cell populations were defined as follows: Dendritic
cells (CD45.2+CD11c+MHCII+); Macrophages (CD45.2+CD11¢-CD11b+Ly6G- Ly6C-/
low); Monocytes (CD45.2+CD11c-CD11b+Ly6G-Ly6C high); MHC class 11+ Monocytes
(CD45.2+CD11c-CD11b+Ly6G-Ly6C high MHCII+); Neutrophils (CD45.2+CD11c-CD11b
+Ly6G+); CD4* T-cells (CD45.2+TCRB+ CD4+CD8-); CD8" T-cell (CD45.2+TCRB+CD4-
CD8+); B cells (CD45.2+TCRB-CD19+).

Intracellular cytokine staining and flow cytometry — Suspensions containing T-cells were
stained with a fixable live/dead stain (Invitrogen) in PBS followed by surface antibody
staining in FACS buffer (PBS with 0.5% BSA and 0.1% sodium azide). For intracellular
staining, cells were first stimulated with Cell Stimulation Cocktail (eBioscience) containing
PMA/Ionomycin and protein transport inhibitor for five hours prior to undergoing staining.
Next, cells were stained for surface molecules following fixation and permeabilization
(eBioscience), and then stained with cytokine antibodies. Stained cells were analyzed by
flow cytometry (LSRII; BD Bioscience). Data analysis was performed using FlowJo
software (TreeStar).
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Statistical Analysis:

Tables S3, S5, and S8 demonstrate tumor growth data for all time points up to the point that
all animals within each group were still alive. For each experiment, exact nonparametric
methods, Kruskal-Wallis (for levels of treatment factor >2) or Mann-Whitney U test (for
levels of treatment factor =2), were performed to evaluate treatment effect on tumor volume
at a single timepoint. For the experiment with factor level greater than two, Mann-Whitney
U test was applied to multiple comparisons and the exact p-values are adjusted by
Bonferroni method. For the T-cell depletion study, right and left sides were accounted in the
adjustment. The overall survival was defined as the time (days) from the first day of
treatment to survival end point. Animals that survived more than 100 days were censored.
Survival curves were drawn using Kaplan-Meier method and were compared using log-rank
test. The Tukey-Kramer method was used for pairwise multiple comparisons.

The statistical analyses were performed using SAS version 9.4 and GraphPad Prism. The
reported p-values were adjusted for multiple comparison within each experiment, but not
adjusted for multiple experiments. P values < 0.05 were regarded as statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: MBTA Immunother apy
The linkage of mannan to biocompatible anchor for cell membrane (BAM) facilitates the

anchoring of mannan to the lipid bilayer of tumor cells via BAM’s hydrophobic oleyl group.
Intratumoral injection of mannan-BAM exploits mannan recognition by pattern recognition
receptors (MBL), leading to complement activation and opsonophagocytosis of tumor cells.
To bolster mannan-BAM'’s inductive effect on innate immune cells, three TLR ligands
(lipoteichoic acid (LTA), polyinosinic-polycytidylic acid (poly(1:C)) and resiquimod
(R-848)) and immunostimulatory anti-CD40-mAb are incorporated as immunological
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adjuvants. Activation of innate immune cells with TLR agonists generates chemokines and
inflammatory cytokines that promote APC maturation and tumor antigen processing. CD40,
a tumor necrosis factor receptor, is expressed on T helper cells and APC’s, including
dendritic cells (DC), B cells (not shown), and monocytes. CD40 ligation with anti-CD40-
mADb results in APC activation and induction of adaptive immunity.
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Figure 2: In-situ MBTA injection at representative primary tumors suppresses distant tumor
growth via a T-cell dependent immune response

A) BALB/c female mice were injected into right flank tumors (/in-situ) with either normal
saline (control) or with MBTA.. Representative pictures were taken 10 days after the start of
treatment. Additional representative pictures are presented in Figure. S1 (Supporting
Information); B) Treatment Schema: Mice were inoculated with CT26 cells subcutaneously
over the right and left flanks, respectively. After 10 days, mice were randomized into two
treatment groups: /n-situ injection of either normal saline (control) or MBTA. Treatments
were injected into right flank tumors three consecutive days per week for four weeks (12
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dosages). Experiment was performed twice; C & D) Tumor growth curves: Tumor volumes
over time of /n-situ saline (black; n=7) and MBTA treated (pink; n=7) mice; E) Cumulative
survival of mice over time. ***p = 0.0002 by Log-rank (Mantel-Cox) test; F & G) Tumor
growth curves: Tumor volumes over time of saline (black; n=9), CD8* Depleted (turquoise;
n=5), CD4" Depleted (purple; n=5) and non-T-cell depleted (pink; n=9) in-situ MBTA
treated mice. H) Cumulative survival of mice over time by Log-rank (Mantel-Cox) test with
Tukey-Kramer post hoc test. Saline vs. MBTA Treatment (***p = 0.0002); saline vs. CD4*
depletion (p > 0.05); saline vs. CD8* depletion (p > 0.05).
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Figure 3: Enhanced innate immunity against CT26 tumors after MBTA treatment
A) Timing of tumor immunophenotyping (1.P.) experiments: I.P. experiments were

completed on days 10 and 16 from the start of treatment to assess for immune cell
populations at right and left flank tumors. Notably, I.P. Day 10 was completed 6 hours after
in-situ injection of MBTA or saline (control) at the right flank tumors, whereas I.P. Day 16
was completed 6 days later to facilitate assessment of interim changes in immune cell
populations; B & C) Percentage of CD45* cells in total live tumor dissociated cells. I.P. Day
10 and I.P. 16 analyses demonstrate MBTA treated mice (pink) had significantly higher
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immune cells within both right and left flank tumors than saline-treated control mice (black).
** p < 0.01 by Mann-Whitney Utest; D & E) Percentage of innate immune cells in total live
tumor dissociated cells. Innate immune cells found within right and left flank tumors
corresponding to I.P. Day 10 and 16 analyses are shown. Data is shown as individual data
plots with median (line). *p < 0.05, ** p < 0.01 by Mann-Whitney U'test. Example gating
strategy for each cell population is demonstrated in Figure. S11 (Supporting Information). A
total of 20 mice were used to complete immunophenotyping (I.P.) experiments. These were
allocated to the following treatment groups: saline 1.P. Day 10 (n=5); MBTA treatment I.P.
Day 10 (n=5); saline I.P. Day 16 (n=5); MBTA treatment I.P. Day 16 (n=5).
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Figure 4: Enhanced adaptive immunity against CT26 tumors after MBTA treatment
A & B) Percentage of adaptive immune cells in total live tumor dissociated cells. Adaptive

immune cells found within right and left flank tumors corresponding to 1.P. Day 10 and 16
analyses are shown; C) Percentage of IFNy or TNFa positive CD4" or CD8" T-cells per
total CD4* or CD8* T-cells, respectively. Harvested left flank CD4* and CD8* T-cells
corresponding to Day 10 and 16 analyses were stimulated for 5 h with PMA/lonomycin ex-
vivo and intracellular IFNy and TNFa was determined by flow cytometry; D & E)
Percentage of AH-1-specific CD8" T-cells extracted from whole blood and left flank tumors,
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respectively. Saline-treated control mice (black); /n-situ MBTA treated mice (pink); Data is
shown as individual plots with median. *p < 0.05, ** p < 0.01 by Mann-Whitney U'test.
Example gating strategy for each cell population is demonstrated in Figure. S11-13
(Supporting Information). A total of 20 mice were used to complete immunophenotyping
(1.P.) experiments. These were allocated to the following treatment groups: Saline I.P. Day
10 (n=5); MBTA Treatment |.P. Day 10 (n=5); Saline I.P. Day 16 (n=5); MBTA Treatment
I.P. Day 16 (n=5); For blood tetramer experiments, 5 mice were in the saline treatment arm
and 6 mice were in the MBTA treatment arm. For tumor tetramer experiments, 4 mice were
in the saline treatment arm and 5 mice were in the MBTA treatment arm.
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Figure 5: rCT26-MBTA vaccines generate a potent antitumor immune responsein CT26-bearing

mice

A) Development of rCT26-MBTA vaccine: CT26 cells are expanded in vitro (1) and
subsequently aliquoted into 1x108 million cells per vaccine dose (I1). CT26 cells are
sublethally irradiated using a 137Cs MARK | model irradiator to induce tumor cell
apoptosis and prevent engraftment of tumor cells at the vaccine site (111). Irradiated tumor
cells (I11) are subsequently incubated with MBTA (IV) for an hour, facilitating the /n-vitro
integration of mannan-BAM into tumor cell membranes (V). The therapeutic mixture
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consisting of irradiated CT26 tumor cells and MBTA is subcutaneously injected into CT26
tumor bearing animals. B) Treatment Schema: For the rCT26-MBTA vaccine experiments,
female BALB/c mice were inoculated with CT26 cells subcutaneously at the left flank. After
11 days, mice were randomized into three treatment groups: normal saline (control; n=7),
irradiated CT26 cells (rCT26; n=7) or rCT26 pulsed with MBTA vaccines (rCT26-MBTA,;
n=8). Treatments were injected subcutaneously into the right flank three consecutive times
per week for four weeks (12 dosages). Experiment was performed twice; C) Tumor growth
curves: saline (black), rCT26 (orange) and rCT26-MBTA (pink) vaccinated mice; D)
Cumulative survival of mice over time by Log-rank (Mantel-Cox) test with Tukey-Kramer
post hoc test. Saline vs. rCT26-MBTA Treatment (**p = 0.0071); rCT26 vs. rCT26-MBTA
Treatment (**p = 0.0034); Saline vs. rCT26 Treatment (p = 0.9846); E & F) Percentage of
AH-1-specific CD8" T-cells extracted from whole blood (E) and flank tumors (F),
respectively. normal saline (control, black); rCT26 (orange); rCT26-MBTA (pink). Data is
shown as individual plots with median. *p < 0.05, ** p < 0.01 by Kruskal-Wallis test. For
blood tetramer experiments, 5 mice were in the saline treatment arm, 5 mice were in the
rCT26 treatment arm, and 4 mice were in the rCT26-MBTA treatment arm. For tumor
tetramer experiments, 3 mice were in the saline treatment arm, 5 mice were in the rCT26
treatment arm, and 4 mice were in the rCT26-MBTA treatment arm.
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Figure 6: MBTA treatment induces immunological memory against CT26 cells
A) Tumor growth curves: Mice cured of CT26 colon carcinoma were re-challenged

subcutaneously with 4.5x10° CT26 cells after 50 days from last treatment day. CT26 Naive
(black, n=4) and MBTA Pre-treated (pink, n=4) mice; B) Cumulative survival of re-
challenged mice over time. Naive vs MBTA pre-treated: **p = 0.0069 by Log-rank (Mantel-
Cox) test; C) Representative bioluminescence imaging of intracranially re-challenged mice.
Mice cured of CT26 colon carcinoma were also re-challenged intracranially with 1x10%
CT26-Luc cells in the right frontal lobe (1 mm rostral of the bregma, 2 mm right of midline
and 2 mm deep from the skull surface). MBTA Pre-treated (left, n=4) and Naive (right, n=4);
D) Cumulative survival of intracranially re-challenged mice over time; Naive vs MBTA Pre-
treated mice: *p = 0.0100 by Log-rank (Mantel-Cox) test.
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