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Chemicals. Mannan, LTA, Poly(I:C) were purchased from Sigma-Aldrich.
Biocompatible anchor for membranes (BAM) was obtained from NOF.
Antibody anti-CD40 was purchased from BioXCell. 6-diazo-5-oxo-L-
norleucine (DON) was synthetized by Dr. Majer, IOCHB, Prague.
Tumor transplantation. 4 × 105 Panc02 cells per mouse in 0.1 ml RPMI
without FCS were inoculated subcutaneously (s.c.) in a shaved area on
the right or left flank.
Treatment. Mice were randomized in groups twelve days after tumor
transplantation and therapies were started. The MBTA therapy
consisted of intratumoral applications of TLR ligands (resiquimod, poly
(I:C), LTA), antibody anti-CD40, and ligand of phagocytic receptor
(Mannan-BAM). To boost effect of MBTA therapy we also applied
glutamine antagonist DON (6-diazo-5-oxo-L-norleucine).
Evaluation of treatment. Tumor size was measured by caliper every
second day. A formula V = π/6 AB2 (A = largest dimension of tumor, B =
smallest dimension) was used for tumor volume calculation.
Infiltration analyses. Tumor infiltrate was analyzed by BD FACSCANTO II
flow cytometerer .
Statistical evaluation. Statistical analyses were performed using one-
way ANOVA with Tukey's post hoc test and Log-rank test.

Combining an intratumoral application of MBTA therapy with systemic intraperitoneal application of glutamine antagonist 6-
diazo-5-oxo-L-norleucine (DON) (immunometabolic therapy) resulted in a complete elimination of advanced (140.8 ± 46.8 mm3

) Panc02 tumor in 50 % of mice (Fig.1). In the case of the bilateral Panc02 model, growth reduction of both tumors and
prolonged survival rate was observed (Fig. 2). MBTA vaccination (subcutaneously applied dead Panc02 cell suspended in MBTA
solution) combined with intraperitoneal application of DON improve the efficacy of treatment of distal tumors (Fig. 3).
Appropriate timing of immunometabolic therapy was also studied and the best results were obtained with intraperitoneal
application of DON once a week (Fig.4). More frequent application was too aggressive which led to several side effects and
eventually resulted in the death of mice. The intraperitoneal application of DON had better results compared to the
intratumoral application (Fig. 5). Previous studies have shown massive infiltration of granulocytes, CD4+ lymphocytes, CD8+
lymphocytes and B cells in tumors during MBTA therapy. In this study, we were focused on the effect of DON application on
infiltration of left metastasis, but any significant changes were not observed (Fig. 6).

[1] O. Uher, V. Caisova, P. Hansen et al., Coley‘s immunotherapy revived: Innate immunity as a link in priming cancer cells for an attack by adaptive immunity, Seminars In Oncology, 46, 385-392 (2019).
[2] V. Caisova, O. Uher, P. Nedbalova et al., Effective cancer immunotherapy based on combination of TLR agonists with stimulation of phagocytosis, International Immunopharmacology 59, 86-96
(2018).
[3] V. Caisova, L. Li, G. Gupta et al., The Significant Reduction or Complete Eradication of Subcutaneous and Metastatic Lesions in a Pheochromocytoma Mouse Model after Immunotherapy Using
Mannan-BAM, TLR Ligands, and Anti-CD40, Cancers 11, 654 (2019).
[4] O. Uher, V. Caisova, L. Padoukova et al., Mannan-BAM, TLR ligands, and anti-CD40 immunotherapy in established murine pancreatic adenocarcinoma: understanding therapeutic potentials and
limitations, Cancer Immunology, Immunotherapy 70, 3303-3312 (2021).
[5] M. Yuneva, N. Zamboni, P. Oefner et al., Deficiency in glutamine but not glucose induces MYC-dependent apoptosis in human cells, Journal Of Cell Biology, 178(1), 93-105 (2007).

Fig. 1: Treatment of advanced Panc02 tumors by the combination of MBTA therapy
and DON.

Fig. 2: Treatment of bilateral tumor by the combination MBTA therapy with DON.

Fig. 3: Panc02-MBTA vaccine in combination with DON. Fig. 4: DON timing and concentration.

Fig. 5: Intratumoral application of DON in comparison with intraperitoneal application 
of DON.

Fig. 6: Effect of DON application on infiltration of bilateral tumor.

Our novel immunotherapeutic approach, called MBTA therapy, is
based on a combination of Toll-like receptor (TLR) agonists,
phagocytosis-stimulating ligand (mannan), and agonistic antibody
anti-CD40. The intratumoral application of this mixture leads to
activation of innate immunity and to the destruction of tumor cells.
After the application of MBTA therapy, mannan is anchored to the
lipid bilayer of tumor cells and is recognized by mannan binding
lectin (MBL) which leads to the activation of the complement system.
Subsequently, the terminal membrane attack complex (MAC) is
formed, and tumor cells are opsonized by complement protein iC3b.
In addition, immune cells, such as NK cells, neutrophils, and
macrophages, are attracted into the tumor by TLR ligands. Innate
immune cells (NK cells, neutrophils, macrophages) recognize and kill
opsonized tumor cells. Following the binding of anti-CD40 antibodies
to CD40 receptors expressed on APCs, APCs are activated and
migrate to the lymph nodes, where they present internalized tumor
antigens to T cells [1]. In the case of a single tumor murine model,
this mixture cured 80% of mice with pancreatic adenocarcinoma
Panc02 [2] and 62.5% of mice with pheochromocytoma PHEO [3]. In
addition, cured mice are fully protected against re-transplantation of
the Panc02 cells [4]. MBTA therapy initiation positively correlated
with higher efficacy of MBTA therapy. In the case of large tumors or
in the presence of metastases, the effect of MBTA immunotherapy is
significantly reduced. For these reasons, we studied the possibility of
combining our immunotherapy with the simultaneous inhibition of
glutamine metabolism (DON). Glutamine is very important for the
growth and proliferation of tumor cells, and its deficiency leads to
apoptosis [5].
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• The combination of MBTA therapy with glutamine antagonist DON eliminated advanced Panc02 tumors.
• The immunometabolic therapy reduced tumor growth and prolonged survival rate.
• MBTA vaccine combined with intraperitoneal application of DON improved the efficacy of treatment of distal tumors.
• The intraperitoneal application of DON was more effective compared to the intratumoral application.
• The side effects of immunometabolic therapy can be reduced by a weekly application of DON.
• DON did not influence the infiltration of immune cells to distal tumors.


