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Abstract 

Cancer is the second leading cause of death globally.  Current therapies continue to be 

problematic due to arising issues of drug resistance to treatment, low drug selectivity, 

tumor molecular adaptations, severe side effects, and high rates of recurrence.  

Immunotherapy as a treatment for cancer is highly desirable as it can produce 

substantial responses that continue to outlast active treatment.    

I-DASH are inhibitors of Enzymes that display Dipeptidyl peptidase-4 (DPP4)-like activity 

or are structure homologs of DPP4 (DPP4 Activity and/or Structure Homologue).  

Previous work both in our lab and clinically, identified the I-DASH, PT-100 for the use of 

cancer treatment.  PT-100 had immunogenic anti-tumor activity that resulted in 

suppression and regression of tumor growth.  I-DASHôs ability to elicit an immunogenic 

effect is centered around the inhibition of DPP4, DPP8, and DPP9 which induces a 

specific form of cell death, known as pyroptosis, and enhances lymphocyte trafficking 

while increasing the presence of immunostimulatory cytokines.  PT-100 was taken to the 

clinic but ultimately failed to reach phase III trial end-points due to its toxicity profile that 

included edema. 

Our labôs goal was to identify an analog of PT-100 that had an increased efficacy and 

tolerability profile greater than what was historically seen with PT-100.  The analog 5870 

was selected through a preliminary screen and tested for its ability to produce tumor 

regression, suppression, and protection from tumor rechallenge both as a monotherapy 

or in combination with the checkpoint inhibitor, Ŭ-PD-1 and/or celecoxib, a 

cyclooxygenase-2 (COX-2) inhibitor.  

Our results show that oral 5870 in an MB49 tumor model is tolerable and suppresses 

and regresses tumor growth in a dose dependent manner.   Moreover, the addition of Ŭ-

PD-1 and CBX to 5870 results in tumor inhibition and regression with specific adaptive 
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immunity with increased survival.  Although it is difficult to determine the exact role that 

Ŭ-PD-1 and CBX have when dosed concurrently with 5870, the effects are enough to 

warrant further investigation.  
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Chapter 1: Introduction 

1.1 DASH Biology 

1.1.1 Enzyme classification and family 

Enzymes that display Dipeptidyl peptidase-4 (DPP4)-like activity or are structure 

homologs of DPP4 are referred to as DASH proteins (DPP4 Activity and/or Structure 

Homologue) [1, 2]. They belong to the serine peptidase subfamily 9b and include 

structurally homologous fibroblast activation protein alpha (FAP), DPP7, DPP8, DPP9, 

DPP4-like protein 1 (DLP1), and DPP2 (lacks structural homology but binds some DPP 

inhibitors).  These enzymes share a conserved catalytic triad of serine, aspartate, and 

histidine [3].  Inhibitors of these enzymes are known as I-DASH (Figure 1.1). 

 

DPP4 exists as either a type II transmembrane or a soluble enzyme in body and is active 

as a dimer [4].  DPP4 cleaves a dipeptide from the N-terminus with a proline or alanine 

in the penultimate position [5].  Well known substrates of DPP4 include Glucagon-like 

peptide (GLP) 1 and 2 [6], substance P [7], neuropeptide Y (NPY) [8], CXC motif 

chemokine (CXCL) 10 [9], CXCL12 [10], and granulocyte macrophage colony-

Figure 1.1 DASH enzymes and their catalytic specificities 
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stimulating factor (GM-CSF) [11].  DPP4 is most well known as a therapeutic target for 

type 2 diabetes as inhibitors for the enzyme reduce the rate of GLP-1 activation [12]. 

DPP4 is ubiquitously expressed in tissues, on endothelial and epithelial cells, and on 

cells of the immune system [5, 13, 14]. 

FAP-Ŭ, like DPP-4 is a type II transmembrane glycoprotein that is active as a dimer [15]. 

In addition to the post-proline dipeptidyl peptidase activity FAP-Ŭ shares with DPP4, it 

also possesses endopeptidase activity toward X-Gly-Pro-Y sequence [16].  FAP-Ŭ is 

normally absent from normal adult tissues with the exception of being overexpressed in 

tumor stromal fibroblasts in epithelial and mesenchymal tumors and melanomas [17-19]. 

DPP8 and DPP9 are intracellularly located enzymes that are also active as a dimer and 

have DPP4-like activity sharing high sequence similarity [20-22]. Although DPP8 and 

DPP9 may be difficult to differentiate as they share the same localization and substrate 

specificities, multiple findings suggest they play different physiological roles [23]. Both 

DPP8 and DPP9 have several isoforms with the long isoform of DPP9 being targeted to 

the nucleus, however their physiological roles are still poorly understood [21].  Previously 

mentioned NPY has been shown to be a substrate of the two enzymes, while it has been 

demonstrated that DPP8 can cleave several DPP4 substrates [24].  Efforts to identify 

intracellular DPP8 and 9 substrates has proven difficult [25].  RU134-42 antigenic 

peptide was the first natural substrate for DPP8/9 to be identified; other substrates 

include, calreticulin, adenylate kinase 2, and syk [25-27].   1G244 inhibits DPP8 and 

DPP9 specifically while remaining inactive against DPP4 [29]. Although there have been 

many attempts, no inhibitor has been discovered that will show specificity toward one 

over another [23]. Homozygous DPP9 knockout mice die within 8-24 hours of being born  

[5].  In vitro, DPP8/9 inhibition in tumors cells decreases cleavage of NPY which in turn 

decreases the number of viable cells [24]. DPP8 and DPP9 are ubiquitous and can also 
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be found in cells of the immune system, endothelia, brain, and male reproductive organs 

[22, 28, 29].   

DPP2 and Pro-X-carboxypeptidase (PRCP) exist in the lysosome and share strong 

sequence homology with one another [5].  DPP2 cleaves N terminal X-Pro or X-Ala 

dipeptides while PRCP cleavage prefers proline or alanine in the penultimate position on 

the C terminal side [30-32].  Although much less efficiently, DPP2 has been 

demonstrated to cleave the DPP4 substrate, substance P, however there are no other 

known natural substrates and it is unknown whether it has any physiological relevance 

[5, 33].    

DPP6 and DPP10 lack DPP4-like enzymatic activity.  This is due to a mutation in the 

active site where serene 360 is replaced by aspartic acid for DPP6 and glycine for 

DPP10. DPP6 and DPP10 are expressed in the brain where they participate in the 

modulation of potassium channels [34]. 

1.1.2 Presence and Role of DASH in Immune Cells 

DASH enzymes have a complex relationship with immune cells.  DPP4ôs presence on 

murine monocytes and macrophages has been reported frequently, unlike itôs 

expression in human monocyte and macrophages [35, 36].  DPP4 expression on 

peripheral blood monocytes (PBMs), macrophages, and dendritic cells is low however, 

expression is upregulated when monocytes are differentiated into macrophages and 

following dendritic cell activation.  It is thought that DPP4 binds to adenosine deaminase 

(ADA) which induces T-cell proliferation [37].  DPP4 is also known to be dysregulated in 

cancer [18].  Several chemokines are known substrates for DPP4 including CXCL9 

(monokine induced by IFN-g), CXCL10 (IFN-g-inducible protein 10), CXCL11 (IFN-

inducible T-cell Ŭ-chemoattractant), CXCL12 (stromal cell-derived factor 1), CCL11 
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(eotaxin), and CCL12 (macrophage-derived chemokine)[38-41].  With respect to 

chemokines, DPP4 reduces cytokine inflammatory properties by interfering with their 

ability to trigger signals with cognate receptors [19]. 

DPP8 and DPP9 activity has been demonstrated in human monocytes, while DPP9 is 

shown to be upregulated in differentiation of monocytes to macrophages [28].  

Furthermore, inhibition or silencing of DPP9 diminishes pro-inflammatory M1 

macrophage activation, however the same is not true for M2 activation [42]. IG244, the 

specific DPP8/9 inhibitor, has been described to have anti-inflammatory effects in both 

human and murine macrophages [13, 43, 44]. DPP8 can cleave four chemokines; SDF-

1Ŭ, SDF-1ɓ, IP10, and ITAC [19, 45]. 

1.2 I-DASH and the immune response 

1.2.1 Inflammasomes 

The immune response begins with the innate immune systemôs recognition of molecular 

patterns derived from microbial products or tissue damage. Pathogen-associated 

molecular patterns (PAMPs) are made up of microbial pathogen components (such as 

LPS, a component of the outer membrane of gram-negative bacteria) and are identified 

by germline-encoded pattern recognition receptors (PRRs). PRRs also recognize 

damage-associated molecular products (DAMPS) derived from tissue damage and cell 

death [46, 47] .  There are specific PRRs that will oligomerize and form inflammasomes 

which act as part of the innate immune system by promoting inflammation through the 

activation of caspase-1 [46, 48, 49].   

Inflammasomes consist of a sensor, an adaptor protein, and an effector.  The majority of 

inflammasome forming PRRs are members of either the NLR family (nucleotide-binding 

oligomerization domain-like receptor) or ALR family (absent in melanoma 2-like receptor 
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family)[46].  NLRs and ALRs contain a caspase recruitment domain (CARD) or pyrin 

domain (PYD).  PRRs containing CARD can directly bind and activate procaspase-1 

without processing while PRRs containing PYD cannot. Once specific stimuli are 

recognized, the adaptor ASC (apoptosis-associated speck-like protein containing a 

caspase-activating and recruitment domain) oligomerizes and recruits the effector 

procaspase-1 into the inflammasome complex which becomes active by proximity-

induced self-cleavage.  The active caspase-1 subunits then cleave pro-IL-1b and pro-IL-

18 into their mature forms which go on to cleave gasdermin D (GSDMD) which induces 

pyroptosis [48]. 

1.2.2 Pyroptosis 

Pyroptosis is an inflammatory form of cell death that mechanistically differs from 

apoptosis and necroptosis and is defined by its activation through caspases 1, 4, 5, and 

11 [50].  Unlike other forms of programmed cell death, pyroptotic death is lytic and 

characterized by large pore formation where damage-associated molecular patterns 

(DAMPs), such as IL-1-ɓ, are released which then recruit immune cells to the site of 

activation [51, 52]. Additionally, pyroptotic cells undergo a specific type of DNA damage 

where chromatin condensation occurs but the nucleus remains intact [52-54]. The 

inflammasome products released by pyroptosis play an important role in inflammasome 

dependent immunity and disease, however over activation of this pathway can lead to 

excessive cell death resulting in tissue damage and lethal septic shock [52, 55, 56]. 

Activation of these caspases are triggered by either canonical or noncanonical 

inflammasome signaling.  The noncanonical inflammatory pathway bypasses the need 

for a cell-surface LPS sensor through caspase-11 cleavage of the newly identified 

pyroptotic substrate, Gasdemin-D (GSDMD), whose activated N-terminal fragment binds 

to the plasma membrane forming oligomeric pores.  The canonical inflammasomes 
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(NLRP3, NLRC4, AIM2, and Pyrin) require caspase-1.   Although the two pathways are 

separate, they do have overlapping parts which may muddle clear interpretation of their 

differences; GSDMD can also be cleaved by caspase-1 and the NLRP3 inflammasome 

is additionally activated by GSDMD pore formation.  In noncanonical inflammasome 

activation, GSDMD is required but is only one of many executioners in canonical 

inflammasome activation   [50, 51, 55, 57-59]. 

1.2.3 I-DASH and pyroptotic cell death 

PT-100 (commonly referred to as Val-boroPro) is the first I-DASH small molecule to be 

identified that induces pyroptosis [43].  Okondo et al.ôs research demonstrated that the 

inhibition of DPP8 and DPP9 together caused pyroptosis, and that the programmed lytic 

cell death was specific to cells of monocyte and macrophage lineage. Additionally, 

although it was shown that PT-100 requires caspase-1 to induce pyroptosis, it does not 

require the ASC inflammasome component but rather the release of intact pro-caspase-

1 which cleaves GSDMD [43, 60-62]. 

1.3 I-DASH in Cancer 

Alterations of regulatory mechanisms on the molecular level in cancer promote 

modifications to key cellular processes. It is the modification of these key cellular 

processes that determine distinct malignant phenotypes including (but not limited to): 

evasion of the immune system, rapid cell growth, replication potential, tissue invasion, 

and metastasis [63, 64]. The majority of these modifications are related to abnormal or 

disrupted cell signaling with oncogene overexpression and decreased expression of 

tumor suppressor genes.  More often than not, these changes are triggered by 

molecules within the tumor or in its microenvironment [65].  DASH function as regulatory 

mediators in numerous cell specific functions in both normal and malignant tissues.  
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When enzymatic expression or activity is altered, it can contribute to cancer 

development directly or indirectly (enzymatically or through an immunomodulator) [1, 66, 

67] 

I-DASH has been shown to be efficacious in both animal and human models.  In late-

stage animal models, I-DASH has been demonstrated to mediate tumor regression 

through immune-mediated mechanisms.  Specifically, I-DASH compound ARI-4175, as a 

single agent induced tumor suppression and regression in MB49, a highly immunogenic 

bladder epithelia cancer line and M3-9-M, a rhabdomyosarcoma.  When combined with 

a dendritic cell vaccine, ARI-4175 therapeutic efficacy was improved [68].   

PT-100, a first generation I-DASH mentioned previously, had immunogenic anti-tumor 

activity in three fibrosarcoma lines (WEHI 164, MM45T, and MM52T), two lymphoid 

tumor lines (A20/2J and EL4), the B16-F10 melanoma line, and the P815 mastocytoma 

line [69]. PT-100, like ARI-4175, also exhibited tumor suppression and regression in both 

MB49 and M3-9-M that was more potent with the addition of a dendritic cell vaccine [70]. 

PT-100 (under the name of talabostat) has also been substantially studied in humans in 

three phase I, six phase II, and two phase III studies [71-82].  PT-100 exhibited partial 

and complete responses in patients with stage IV melanoma, non-small cell lung cancer, 

and chronic lymphocytic leukemia [74, 75, 81, 83].  

Currently, PT-100 has been bought by BioXcel and rebranded (name: BXCL701) and 

several preclinical studies have shown how BXCL701 works as an immuno-modulator 

that stimulates both innate and adaptive immunity while suppressing tumor growth.  

Additionally, synergistic anti-tumor effects have been shown between BXCL701 and 

other immune checkpoint inhibitors [84-87].  In September of 2019, the FDA granted 

orphan drug designation status to BXCL701 for acute myeloid leukemia (in addition to 
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melanoma and pancreatic cancer) [88].  BioXcel Therapeutics has initiated two clinical 

trials with two more planned for the future [89].    

In most of the previously run clinical trials, one of the most common toxicities and 

adverse events was edema and peripheral edema.  This toxicity was thought to be 

consistent with cytokine effects connected to inhibition of other dipeptidyl peptidases [74, 

75, 81-83, 90].  

1.3.1 I-DASH Immune-Mediated Mechanisms 

In murine models, I-DASH treatment increases level of cytokines and chemokines that 

are known to promote innate and adaptive immune responses against tumors[69]. I-

DASH treatment also increases tumor specific T cells, and accelerates trafficking of 

dendritic cells to tumor draining lymph nodes [70]. In human trials, I-DASH has been 

shown to increase levels of IL-6, G-CSF, IL-8 [75, 79, 83].  

1.4 Combination therapy for strong immuno-oncological response 

Checkpoint inhibitors have become a promising avenue for treatment in cancer.  Cancer 

thrives because of its ability to evade immune system detection.  One of the ways in 

which immune escape happens is by the negative regulation of T cell activation.  

Checkpoint inhibitors work by enhancing anti-tumor T lymphocyte responses to 

overcome immune system evasion [91, 92].  Anti-PD-1 and anti-CTLA-4 are the two 

most studied T-cell checkpoint inhibitors. Although powerful, checkpoint inhibitors as a 

monotherapy are generally ineffective; combination therapy with other molecules is a 

way to circumvent this ineffectiveness and is extensively studied [92, 93].    

The use of cyclooxygenase-2 (COX-2) inhibition in cancer therapy has also been 

extensively studied.  COX is the enzyme that converts archiodonic acid to 
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prostaglandins and has two isoforms (COX-1 and COX-2). COX-1 is ubiquitously 

expressed in most tissues and is known for its general ñhousekeeping functions.ò 

Conversely, COX-2 is generally undetectable in tissues, is highly inducible, and quickly 

upregulates with inflammatory stimulation [94-96].  

Celecoxib (CBX) is the most used COX-2 inhibitor in combination therapies with 

anticancer compounds.  It is well documented that COX-2 is overexpressed in many 

cancers and participates in many aspects of antitumor effectiveness.  Combination 

therapy with COX-2 inhibitors results in synergistic, anti-tumor effects and has been 

shown to regulate macrophage recruitment and decrease inflammatory factors to 

activate antitumor immunity [94, 96-99].   

1.5 Summary and Goals  

I-DASHôs ability to elicit an immunogenic effect appears to be centered around the 

inhibition of DPP4, DPP8, and DPP9.  I-DASHôs ability to induce pyroptosis is restricted 

to macrophage cell lines [43]. The inhibition of DPP4 enhances lymphocyte trafficking 

through the prolongation of chemokine and cytokine half-life [9] while the inhibition of 

DPP8/9 induces pyroptosis of macrophages and results in upregulation of 

immunostimulatory cytokines.  Macrophages are uniquely pre-disposed to caspase-1 

induced pyroptosis which is a requirement in mediating I-DASH efficacy [43, 100].  

Drug resistance, molecular adaptations, and tumor recurrence are a few of the many 

problems that still occur with most current cancer therapies. DASH and I-DASH have 

been studied for multiple decades, and there is an increase in interest for the use of I-

DASH in cancer treatment.  PT-100, a non-selective I-DASH, had reached phase III 

humans trials but ultimately failed to reach study endpoints and had a few unsavory 

toxicities.  The correct I-DASH, alone or in combination with additive therapies that have 
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been shown to have synergistic or additive immunological anti-tumor effects, could allow 

for cancer treatment that has a high success rate for regression and remission with a low 

rate of recurrence.  

Our lab had previously developed PT-100 and is continually developing analogs of PT-

100.  For this project, I try to identify an analog of PT-100 that has anti-tumor efficacy 

that is greater than PT-100 alone with or without the addition of combination therapies 

that are clinically used.  This work was done to promote further understanding of I-DASH 

in an animal model in the hopes of informing the development of therapeutics for 

potential future treatment options that are less taxing on the body and have greater 

efficacy than currently available therapies. 

All work depicted in this chapter was executed and completed solely by Christina 

Deliyiannis Accetta 
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Chapter 2: Material and Methods 

2.1 Il-1b and LDH Release Assays 

Monocytic THP-1 cells (ATCC Catalog# TIB-202, USA) were plated at 1x106 cells per 

well in 12 well tissue culture plates.  Cells were differentiated with 50 ng/mL PMA for 72 

hours.  Before use, compounds were incubated at pH 2.0 overnight to avoid cyclization. 

Media was removed and cells were washed and replaced with media containing 0.1, 1, 

or 10 uM of respective compound or LPS (10µg/mL) for 24 hours.  After 24 hours, LPS-

primed cells were treated with nigericin [20 uM] for 45 minutes.  

After 24 hours, cell supernatants were collected and stored at -80ęC for use in IL-1ɓ 

release and lactate dehydrogenase (LDH) release assays.  LDH release assays were 

performed as per manufacturerôs instructions (Promega CytoTox 96È Non-Radioactive 

Cytotoxicity Assay catalog# G1780).   Cells were lysed with RIPA buffer and 

supernatants were saved at -80 ęC. IL-1ɓ release was measured by ELISA (R&D Human 

IL-1ɓ/IL-1F2, catalog # DY201 and R&D Human Pro-IL-1 beta/IL-1F2 Quantikine 

catalog# DLBP00) as per manufacturerôs instructions.  

2.2 Cell Lines for in vivo use 

All cells were cultured in T-75 or T-150 flasks (USA Scientific). 

MB49 cells (generously gifted by WT Godbey, Ph.D., Department of Chemical & 

Biomolecular Engineering, Tulane University) were grown in high glucose DMEM with 

10%FBS, 1% P/S and 50 uM 2-ME at 37  ↔C in 5% CO2.  

EL4 cells were purchased from ATCC (catalog# TIB-39) and were grown in DMEM with 

10%FBS, 1% P/S and 50 uM 2-ME at 37  ↔C in 5% CO2. 
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2.3 Tumor Growth Curves 

Growth curves were performed to determine the correct concentration for inoculation of 

cancer cells used for both preliminary tumor establishment for treatment and secondary 

tumor establishment for subsequent rechallenge experiments to show specific and/or 

adaptive immunity.  Growth Curves were performed in female C57BL/6 mice that were 

purchased from Charles River Labs and housed until 10-14 weeks of age. 

Concentrations tested were as follows: 1x105 and 1x106 MB49 or 4x105 and 4x106 EL4.  

Animals were inoculated with low passage number of each respective cell line, and 

tumors were measured 3 times a week to establish a growth curve.  Mice were 

euthanized when tumor diameters reached 1.5cm or other humane endpoints were met 

in accordance with animal protocols.  

2.4 Tumor Establishment 

Female C57BL/6 mice were purchased from Charles River Labs and housed until 10-14 

weeks of age.  Cells were injected subcutaneously over the right flanks of mice on day 0.  

Tumors were measured in two dimensions (LxW) three times a week by digital caliper, 

and approximate spherical volumes were calculated ((L/2) x (W/2)  x [(L+W/2)/2]x  4/3ˊ). 

Mice were euthanized when tumor diameters reached 1.5cm or other humane endpoints 

were met in accordance with animal protocols.  

2.5 Efficacy Studies 

All efficacy studies began with tumor cell inoculation on day 0. Compounds were either 

dosed orally or through intraperitoneal injection.  Schedule of compound administration 

as follows: 5 days of active treatment with 2 days rest for 4 weeks.  All I-DASH 

compounds were stored at -80C. 
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10X concentrated aliquots in 0.1N HCl were prepared prior to dosing and were diluted in 

the following manner: 

If compounds were tested against each other with or without the addition of celecoxib:  

10X concentrated compound aliquots dissolved in 0.1N HCl or 10X concentrated 

celecoxib dissolved in 100% EtoH were diluted in celecoxib vehicle prior to each dose. 

The celecoxib vehicle stock per 100mL is comprised of 2.5 mL EtOH, 1.835 mL tween-

80, 2g solutol HS-15, 75 mL sterile PBS.  10X stocks were then dissolved 1:10.  

If compounds were tested against each other intraperitoneally: 

10X concentrated compound aliquots dissolved in 0.1N HCl were filter sterilized and 

diluted in sterile PBS immediately prior to dosing.  

If compounds were tested against each other and dosed orally: 

10X concentrated compound aliquots dissolved in 0.1N HCl were diluted in PBS 

immediately prior to dosing. 

If Ŭ-PD-1 was tested for synergistic effects with compounds: 

Anti-PD-1 or isotype control was diluted in PBS and kept on ice until each dose.  Anti-

PD-1 or isotype control was administered IP on days 6, 9, 12, and 15 post inoculation 

(day 0).  

Compounds, the concentrations used, and administration varied among all efficacy 

studies.  Outlined below are the compounds and their concentrations, dosing regimen, 

and administration outlined for all animal studies performed. 
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2.5.1 Chapter 3 Efficacy Studies 

The compound cohorts, administration, and dosing regimen for the efficacy studies 

described in chapter 3 are outlined below in table 2.1  

2.5.2 Chapter 4 Efficacy Studies 

The compound cohorts, administration, and dosing regimen for the efficacy studies 

described in chapter 4 are outlined below in table 2.2  

Table 2.1  Chapter 3 efficacy study dosing cohorts 

Table 2.2 Chapter 4 efficacy study dosing cohorts 

Table 2.1 Chapter 3 efficacy study dosing cohorts 
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2.5.3 Chapter 5 Efficacy Studies 

 

The compound cohorts, administration, and dosing regimen for the efficacy studies 

described in chapter 5 are outlined below in tables 2.3 and 2.4 

 

Table 2.3 Chapter 5 cohorts for CBX dose inquiry 

Table 2.4 Chapter 5 cohorts for MB49 efficacy study 
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2.6 Statistics 

Studentôs unpaired t tests were utilized to assess statistical significance for comparison 

between two groups. One-way analysis of variance (ANOVA) with Tukeyôs post hoc test 

was utilized to assess statistical significance for comparison between three or more 

groups. The log-rank test was used to compare survival distributions from Kaplan-Meier 

curves with Bonferroni correction if comparing more than two survival curves. All data 

are represented as the mean ± standard error (SE) unless otherwise noted. P values < 

0.05 were considered statistically significant. All data analyses were conducted in 

GraphPad Prism. 

2.7 Ethics Statement 

Animal studies were reviewed and approved by the Institutional Animal Care and Use 

Committee at Tufts University School of Medicine and the Division of Laboratory Animal 

Medicine under protocols B2014-132 and B2017-108. 

All work depicted in this chapter was executed and completed solely by Christina 

Deliyiannis Accetta 
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Chapter 3: Preliminary Investigation of PT-100 Analogs 

3.1 Introduction 

We first sought to identify analogs of PT-100 whose inhibition could cause pro-IL-1b and 

percent lactate dehydrogenase (LDH) release in differentiated THP-1 cells in a manner 

similar to PT-100.  Analogs were chosen based on their ability to potently inhibit the 

post-proline cleaving enzymes DPP4, DPP8, and DPP9 and weakly inhibit DPP7, FAP, 

and PREP (Figure 3.1). 

3.2 5544 and 4175CH, but not 8120 elicit release of pro-IL-1b and LDH in 

differentiated THP-1 cells 

We wanted to select a cell culture system that has previously responded to PT-100 to 

test our chosen analogs.  PT-100 has been shown to dramatically increase levels of pro-

IL-1b that is secreted into the supernatant.  As it has been suggested that PT-100ôs 

primary effect may be to induce pyroptosis, one would expect to detect the release of the 

pro-forms of cytokines without stimulating activation.   Concurrent release of pro-IL-1b 

with the cytoplasmic enzyme lactate dehydrogenase (LDH) has also been demonstrated 

in the literature [43]. Activated monocytic THP-1 cells were chosen for the cellular 

assays as it has been well documented that PT-100 induces pyroptotic cell death 

specific to monocytes and macrophages [43, 44, 100, 101].  Differentiated THP-1 cells 

treated with PT-100 had pro-IL-1b and LDH release consistent with what has been 

previously published (Figure 3.2, b) [43]. Treatment with 5544 induced significant 

Figure 3.1 Chemical structures of PT-100 and selected analogs 
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release of pro-IL-1b and LDH at 0.1 ɛM which is 10 ɛM lower than the amount of PT-100 

needed to induce a significant response.  At higher concentrations, LDH release was not 

as robust (Figure 3.2, c-d).  LDH release from 4175CH treated cells was only significant 

at 10 ɛM while pro-IL-1b release was significant at 1 and 10 ɛM (Figure 3.2 e-f). 

Compound 8120 did not elicit release of either pro-IL-1b or LDH (Figure 3.2, g-h).     

 

Figure 3.2 pro-IL-1b and LDH release from PT-100, 5544, 4175CH, and 8120 

Data represents mean + SD of triplicates of three (IL-1-b) replicates. *p Ò 0.05, **p 

Ò 0.01, ***p Ò 0.001, ****p Ò 0.0001 by two-sided students t-tests for DMSO vs. 

treated cells. 
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3.3 5544, 5870, and 4972V inhibit MB49 Tumor Growth  

A preliminary in vivo efficacy screen was run concurrently alongside the in vitro screen 

described above.  We tested 5544, 4175CH, and 8120 at three concentrations alongside 

PT-100 to evaluate their effect on tumor growth in the MB49 model.  5544, which had 

the most significant pro-IL-1b and percent LDH release, was most efficacious of all 

analogs in an MB49 tumor model (Figure 3.3).  5544 inhibited MB49 tumor growth in a 

dose dependent manner (Figure 3.3 a, d-f).  Although the 20 ɛg PT-100 cohort was 

more efficacious than 10 ɛg of 5544, both the 30 and 90 ɛg groups had better tumor 

growth inhibition over 20 ɛg of PT-100 (Figure 3.3 a, c-f).  Animals were removed from 

the study if tumor size exceed protocol limits and if ulceration was greater than 5mm in 

any direction. Five deaths occurred during the study in the 5544 cohorts, four of which 

could be related to drug toxicity.  One animal in the 30 ɛg cohort was found dead on day 

20 and three animals in the 90 ɛg cohorts were found dead on days 19 (2 animals) and 

21.  Prior to being found dead in their cages, mice bodies were cold to touch following 

dosing, which is a hallmark of eicosanoid production, although animal abdomens were 

not found to be distended.  Percent change in body weight is also closely monitored as a 

measure of overall tolerability.  All Cohorts had an increase in body weight that followed 

the same pattern as vehicle (Figure 3.3).  

Treatment with 4175 had very mild dose dependent tumor growth inhibition, and the 

highest dose of 40 ɛg 4175CH did not surpass 20 ɛg of PT-100 efficacy.  Although many 

animals exceeded protocol limits by the end of the study, there were no drug related 

toxicities observed (Figure 3.4). 
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Figure 3.3  5544 Inhibits tumor growth in a dose dependent manner 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing 

MB49 cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 10 ɛg 5544, 30 

ɛg 5544, or 90 ɛg 5544 for four weeks on a five day on/ two day off dosing schedule.  

a, tumor size mean ± SEM ï averages shown until 70% of cohort remained.  There 

was no statistical significance between any 5544 cohorts when compared to PT-100.  

b-f, individual growth curves g, body weight mean ± SEM 
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Figure 3.4  4175CH does not inhibit MB49 tumor growth when compared to 

PT-100 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing 

MB49 cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 10 ɛg 

4175CH, 20 ɛg 4175CH, or 40 ɛg 4175CH for four weeks on a five day on/two day 

off dosing schedule.  a, mean ± SEM ï averages shown until 70% of cohort 

remained.  There was no growth inhibition of any 4175CH cohorts when compared 

to PT-100.  b-f, individual growth curves g, body weight mean ± SEM 
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In previous studies (unpublished), modest inhibition of tumor growth in a CT-26 model 

was demonstrated in animals that received 100 ɛg 8120 BID.  In our screen, animals 

received up to 30 times that amount, and there was no effect on tumor growth when 

compared to vehicle.  Additionally, no toxicities were observed with any 8120 dosing 

groups (Figure 3.5).  

Figure 3.5  8120 has no effect on MB49 Tumor Growth 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 300 ɛg 8120, 1000 ɛg 

8120, or 3000 ɛg 8120 for four weeks on a five day on/two day off dosing schedule.  a, 

mean ± SEM ï averages shown until 70% of cohort remained.  b-f, individual growth 

curves g, body weight mean ± SEM 
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Analogs of interest following the preliminary screen (Figure 3.6) were selected based off 

their DPP IC50 profile (Table 3.1) and were evaluated in a minimalist exploratory in vivo 

screen for safety and efficacy.  This allowed for the quick identification of analogs with 

desirable traits such as oral availability while simultaneously testing several doses to 

determine an appropriate dose range for future, larger-scale experiments.  Of the seven 

new compounds tested, 2401, 2243, 4367, and 4269 had no effect on tumor growth 

(data not shown).  

 

Figure 3.6 Structures of PT-100 and selected analogs for secondary investigation 

Table 3.1  Inhibition of analogs in figure 3.6 by I-DASH 
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In the preliminary screen, the intraperitoneal 30 and 90 ɛg doses of 5544 had better 

tumor growth inhibition than PT-100.  However, several deaths within those cohorts 

suggested a toxicity related to drug dose.  In the secondary screen, oral administration 

of 5544 at lower doses was evaluated for oral availably and efficacy with less toxicity. 

5544 was dosed at 10, 20, and 60 ɛg (0.5, 1.0 and 3.0 mg/kg) once daily. In the 

secondary oral screen (Figure 3.7), 60 ɛg 5544 outperformed 20 ɛg PT-100, but not by a 

statistically significant amount (Figure 3.7a). By the end of the study, two animals in the 

60 ɛg group had complete tumor regression.  One animal was categorized as palpable 

where there was not enough tumor to measure but a blip could be felt on the skin 

surface.  Interestingly, although bodyweight percentages did drop in the second week 

and first half of the third week, all animal weight rebounded by the end of study and was 

in line with the vehicle group (Figure 3.7 b).  The drop in averages for both the 10 and 20 

ɛg 5544 groups at day 18 are not due to tumor regression but animal removal from study 

due to protocol limits being exceeded by tumor size.  Although there were no statistical 

differences among dosing, no animals in any of the oral 5544 dosing groups died from 

suspected toxicity.  This suggests oral dosing is less toxic than intraperitoneal dosing 

with 5544. 

5870 is an analog of PT-100 and the fluorinated version of 5544 with fluorination 

occurring on the third carbon of the adamantyl group (Figure 3.6).  5870 was dosed PO 

at 20 and 60 ɛg (1.0 and 3.0 mg/kg) QD (Figure 3.8).  Both the 20 and 60 ɛg doses 

inhibited MB49 tumor growth significantly when compared to vehicle.  When compared 

with 20 ɛg PT-100, 60 ɛg of 5870 had greater growth inhibition while 20 ɛg did not. 

Although there was no statistical significance in the 60 ɛg group for inhibition when 

compared to 20 ɛg PT-100, at the end of dosing, two animals in the 60 ɛg cohort had 
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complete tumor regression.  Additionally, all animals had a steady increase in weight 

throughout the entire experiment indicating the compounds were well tolerated. 

 

.  4972V is an analog of PT-100 that incorporates alanine as a functional group.  4972V 

was dosed PO at 20 and 80 ɛg (1.0 and 4.0 mg/kg) QD (Figure 3.9). Both the 20 and 80 

ɛg cohorts inhibited MB49 tumor growth greater than 20 ɛg of PT-100, however, in the 

Figure 3.7 5544 Efficacy and body weight summary in an MB49 model 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 10 ɛg 5544, 20 ɛg 5544, or 

60 ɛg 5544 for four weeks on a five day on/two day off dosing schedule.  a, mean ± SEM 

ï averages shown until 70% of cohort remained.  There was no statistical significance 

between any 5544 cohorts when compared to PT-100.  b, individual tumor and body 

weight growth curves 
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 second week of dosing (days 10-14) animals in the 80 ɛg 4972V group had dramatic 

weight loss.  Due to the severe drop in weight, mice were monitored over the off period 

and it was decided to not continue dosing until body weights recovered. On day 19, after 

body weights had rebounded, dosing was resumed for the remainder of the experiment 

and mice did not exhibit another a drop in weight.  At the end of the study, one animal in 

the 20 ɛg cohort and two animals in the 80 ɛg cohort had regressed tumors.  One 

Figure 3.8 5870 Efficacy and body weight summary in an MB49 model 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 20 ɛg 5870, or 60 ɛg 

5870 for four weeks on a five day on/two day off dosing schedule.  a, mean ± SEM ï 

averages shown until 70% of cohort remained.  There was no statistical significance 

between any 5544 cohorts when compared to PT-100.  b, individual tumor and body 

weight growth curves 
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additional animal in the 80 ɛg cohort had their tumor shrink to a palpable mass that was 

too small to be measured with calipers.   

Of the seven PT-100 analogs screened, three inhibited tumor growth. Table 3.2 

summarized the outcome of the three analogs.  This screen was intended to quickly 

identify analogs that could be abandoned or pursued further.  

One of the main aims was to identify an analog that demonstrated both tumor growth 

inhibition and immunity to rechallenge.  If an animal whose tumor regressed was also 

immune to rechallenge, it would indicate that the compound itself could elicit innate 

Figure 3.9 4972V Efficacy and body weight summary in an MB49 model 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Mice were treated with vehicle, 20 ɛg PT-100, 20 ɛg 4972V, or 80 ɛg 

4972V for four weeks on a five day on/two day off dosing schedule.  a, mean ± SEM ï 

averages shown until 70% of cohort remained.  There was no statistical significance 

between any 5544 cohorts when compared to PT-100.  b, individual tumor and body 

weight growth curves 
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immunity.  Although this was a preliminary screen, as several animals had regressed 

tumors that remained regressed for 30 days, it was determined a tumor rechallenge 

would give greater insight into the preliminary results which would help in the preparation 

of larger scale studies that held adequate group sizes to evaluate statistical significance.  

As summarized in table 3.2, all the animals that had complete tumor regression were 

monitored for at least 30 days following the completion of treatment.  Animals that 

sustained regression for the monitoring period were then rechallenged with MB49 on the 

opposite flank on day 64 post-primary challenge (Figure 3.10). Age-matched naïve mice 

were also injected with MB49 on the same day as the treatment group (day 64).  

Rechallenged mice were then monitored for at least 30 days or until humane endpoints 

were reached. All animals whose tumors regressed were completely protected from 

rechallenge (Figure 3.10). In the age-matched naïve mice, tumors began to appear on 

day 72 (8 days post inoculation). All age-matched naïve mice reached or exceeded 

protocol limited between days 96 and 104 and the study was terminated. Two mice in 

two separate cohorts whose tumors had regressed but were still palpable (60ɛg 5544 

and 60ɛg 4972V) were observed but not re-challenged (Figure 3.10).  During the 

observation period and after the re-challenge, animal body weight of both the 

regressed/rechallenge and AMN mice steadily increased until end of study (Figure 3.10, 

b). 

Table 3.2   Summary of regressed and palpable animals from 

secondary screen 
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3.4 Discussion 

Six compounds were screened at 0.1, 1.0, and 10 uM (concentrations known to inhibit 

DPP enzymes and analyze range of induction).  Response to treatment was evaluated 

through two different parameters: the release of intact pro-IL-1ɓ into the supernatant and 

the release of LDH into the supernatant.  The release of pro-IL-1b and lactate 

dehydrogenase (LDH) into the supernatant are direct measures of cells actively 

Figure 3.10 Regressed animals are completely protected from rechallenge 

C57BL/6 mice (n=5 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Mice were treated with selected compounds for four weeks on a five day 

on/two day off dosing schedule.  Treated mice that rejected MB49 tumors were monitored 

for an additional 30 days. Mice that sustained regression during monitoring were re-

challenged with MB49 in the opposite flank.  Control age-matched naïve (AMN) mice were 

injected with MB49 on the same day as treatment group rechallenge (day 64, vertical dotted 

line).  Rechallenged and AMN mice were monitored for 30 days or until humane endpoints 

were reached.   a.  individual tumor growth curves of regressed (solid lines), palpable 

(dotted lines), and AMN mice (grey lines) b. individual percent change in body weight of 

regressed (solid lines), palpable (dotted lines), and AMN mice (grey lines). 
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undergoing pyroptosis.  All results were compared against the response to DMSO.  All 

compounds apart from 8120 induced pyroptosis by measure of IL-1-beta and LDH 

release. In vivo, 5544, 5870, and 4175CH appear to inhibit MB49 tumor growth in a dose 

dependent manner while 8120 exacerbated rather than inhibited MB49 tumor growth.  

Four deaths resulted from suspected eicosanoid toxicity in 5544 dosing groups (1 mouse 

in 30ug 5544 cohort and 3 mice in 90ug 5544 cohort (Figure 8)).   Prior to being found 

dead in cages, bodies felt cold to touch (mice who did not die in that cohort also felt cold 

to touch). Temperature in surviving mice had recovered within three days.  From these 

two screens, 5870 was the one clear front runner for a compound that warranted further 

investigation.  Although 5544 and 4175CH both inhibited tumor growth in a dose 

dependent manner, the severe decrease in weight in both groups suggests tolerability 

would be an issue in the future. 

3.4.1 Limitations 

These studies had several limitations.  First, although treating cells with I-DASH and 

testing for pro-IL-1b and LDH release are good indicators of whether or not a compound 

would be efficacious in an MB49 tumor model, it is very time consuming.  Selecting 

compounds based on their DPP inhibition profiles and performing a ñyes-responds/no-

does not respondò in vivo screen is quicker and allows us to not spend excess time on a 

compound that might give good in vitro results that do not translate in vivo, and although 

the in vivo screen lacked adequate power, it was still able to give us a generalized 

answer to work off of.  

All work and experimentation depicted in this chapter was executed and completed 

solely by Christina Deliyiannis Accetta 
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Chapter 4: I-DASH Combination Therapy Produces Tumor Response with 

Adaptive Immunity to Rechallenge 

4.1 Introduction 

4.1.1 PT-100 Inhibits Tumor Growth Through Caspase-1 

I-DASH anticancer activity is thought to work through inhibition of certain DPPs which 

activate the immune system through the inflammasome. It is also known that pyroptosis 

is triggered through caspase-1 activation [54, 102, 103]. To show that PT-100 tumor 

inhibition is mediated through caspase-1, our lab previously tested PT-100 MB49 

efficacy in Caspase-1 knockout mice (Figure 4.1, unpublished).  WT C57BL/6 mice that 

are inoculated with MB49 exhibit tumor growth inhibition when treated with 20 ɛg PT-100 

(Figure 4.1 a).  When Caspase-1 KO mice are inoculated with MB49 and treated with 

PT-100, tumor growth inhibition is completely revered and has the same growth pattern 

as vehicle mice (Figure 4.1 b) 

Figure 4.1  PT-100 tumor growth inhibition is reversed in caspase-1 KO mice 

Individual growth curves. Casp1tm1Flv mice and their wildtype control (n=10) were 

inoculated with 1x106 exponentially growing MB49 cells on day 0.  Mice were treated 

with 20 ɛg PT-100 for four weeks on a five day on/ two day off dosing schedule. 
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4.1.2 Efficacy and Tolerability of PT-100 increases with the addition of Celecoxib in 

MB49 Mice 

The I-DASH mechanism of action utilizes caspase 1 to mediate tumor growth inhibition.  

Unfortunately, inflammasome dependent eicosanoid biosynthesis can also result from 

caspse-1 activation.  It is thought that it is this eicosanoid storm that is also responsible 

for the edema and other toxicities seen with use of I-DASH in both animal and human 

studies [74-76, 78, 81-83]. 

Celecoxib, a highly selective reversible inhibitor of the COX-2, has been shown with 

several drug candidates to have synergistic anti-tumor activity [104-106].  Additionally, in 

studies with other PT-100 analogs, the addition of celecoxib has been shown to mitigate 

eicosanoid related toxicity responses (unpublished).  A study in our lab investigated the 

efficacy and tolerability of 20 ɛg PT-100 with and without varying doses of celecoxib in 

mice.  It was determined that significant suppression of tumor growth was observed in a 

dose dependent manner when celecoxib was administered alongside PT-100). Although 

there was some initial weight loss in the PT-100 groups at the start of dosing, overall 

tolerability was favorable, with all mice regaining the weight they lost. Overall Survival 

also increased in a dose dependent manner.  

4.1.3 PD-1 

Anti-PD-1 immunotherapy is used to block the PD-1 pathway known to help tumor cells 

evade immune system components.  Combination therapy with Ŭ-PD-1 has 

demonstrated synergistic antitumor activity in the literature [107, 108].   Investigating 

these combinations with 5870 would elucidate whether increased efficacy and safety 

could result and become a superior treatment option.  
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4.1.4 Timeline 

5870 emerged as the lead candidate compound in the preliminary screen. It appeared to 

have greater efficacy than PT-100 in an MB49 cancer cell model while maintaining a 

good tolerability profile.  We were also able to see that 5870 had the ability to protect 

animals whose tumors had regressed from rechallenge, suggesting an immune 

component. 

The next step was to run an efficacy study that had appropriate power to statistically 

measure efficacy. A 10-animal group size was determined as 10 animals per treatment 

group can detect a 20% reduction in tumor size on day 24 with a power of 80% and 

significance level of 0.05.  The timeline below outlines the following study (Figure 4.2). 

 

After inoculation of MB49 cancer cells, the first segment was the active treatment period.  

Following the active treatment period, animals whose tumors completely regressed were 

observed for 53 days.  Animals that remained regressed were then rechallenged with 

another inoculation of MB49 cells in the opposite flank of the original inoculation site.  

Animals were observed for 44 days to determine whether they were protected from 

rechallenge (segment II).  Following the second segment, animals that were immune to 

rechallenge were then challenged again with a different cancer cell line (EL4) to see if 

Figure 4.22 MB49 efficacy study timeline 
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the immunity was specific to MB49. All animals that did not fully regress were observed 

for survival statistics until predetermined experimental endpoints were reached. 

Treatment groups are outlined in table 4.1.  30 and 60 ɛg doses (~1.5 and 3.0 mg/kg) of 

5870 were selected based on the results from the preliminary study.  24 ɛg CBX dosed 

BID was chosen based on previous dose range study. The 200 ɛg Ŭ-PD-1 dose and 

schedule was adapted from da Silva et alôs previous studies [9].  

 

 

4.2 CBX and PD-1 (together or individually) do not inhibit MB49 Tumor Growth 

 

Due to the three treatment arms, this efficacy study had several control groups.  For 

ease of interpretation of results, controls will be discussed in depth separately prior to 

discussing active treatment arm results. The controls are needed to establish that tumor 

regression is a direct result of 5870 and not one of the other compounds added for 

synergistic effects. 

Individual growth curves of all the controls are seen in Figure 4.3.  Vehicle and CBX 

growth curves match historical data (not shown).  In the Ŭ-PD-1 and CBX + Ŭ-PD-1 

groups, after day 21 there is greater variability of tumor growth among the animals 

although they all follow the same trajectory. 

 

Table 4.1 MB49 efficacy treatment groups 



35 
 

 

 

To analyze the variably of growth that is seen in the Ŭ-PD-1 and CBX + Ŭ-PD-1 groups, 

tumor volumes from day 14 and day 21 were compared (Figure 4.4).  On day 14, there 

was no statistical difference among any of the control groups.  On day 21, both the Ŭ-

PD-1 and CBX + Ŭ-PD-1 groups were statistically different from the CBX alone control 

group. By day 21, 30% of the animals from the vehicle group had been removed for 

reaching a predetermined experimental endpoint.  Although there was a statistical 

difference, there was not a clinically meaningful decrease in tumor size in the two 

groups, although CBX and Ŭ-PD-1 together may have a minimal synergistic effect. 

Figure 4.33 Individual growth curves of control groups 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing 

MB49 cells on day 0.  Controls were distributed as follows: vehicle at the same time as 

5870 dose on a 5 days on/2 day off schedule (grey shaded areas), CBX coadministered 

with 5870 or vehicle in the morning and alone PO 4 hours post coadministration, and Ŭ-

PD-1 on days 6, 9, 12, and 15 post inoculation (red vertical dotted lines).  Animal 

Measurements were recorded three times a week. 
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4.3 5870 + CBX + PD-1 inhibit MB49 tumor growth  

The purpose of this study was to determine the efficacy and tolerability of combination 

therapy with 5870, CBX, and Ŭ-PD-1 in an MB49 cancer model.  Visually, individual 

tumor growth curves as compared to vehicle demonstrate that tumor growth inhibition 

occurs at both 30 and 60 ɛg in a dose dependent manner (Figure 4.5).  It also shows 

that tumor growth inhibition increases with the addition of CBX and more so with the 

addition of CBX and Ŭ-PD-1. Figure 4.6 is a larger scale of Figure 4.5 and is provided for 

clarity as tumor growth inhibition was drastic in several groups.  At the end of the active 

Figure 4.4 Day 14 and 21 tumor volume comparison of controls 

Data are mean Ñ SEM. *p Ò 0.05, **p Ò 0.01 
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treatment period in segment 1 (Figure 4.2), 5 of the 6 active treatment groups had 

animals with complete tumor regression (Table 4.2). 

 

 

By day 21, all active treatment groups had statistically significant tumor growth inhibition 

when compared to vehicle (Figure 4.7).  It is important to note, overall efficacy 

comparisons are reported for each group until Ó 30% of animals had been removed from 

study due to reaching one of the predetermined experimental endpoints. As Ó 30% of 

vehicle animals were removed from the study by 28, the remaining comparisons are for 

active treatment groups.   

Figure 4.5 Individual tumor growth curves of active treatment groups 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0. Shaded grey areas are vehicle, 5870, and CBX dosing days.  Vertical 

dotted lines are Ŭ-PD-1 dosing days.  Red Growth Curves indicate animals who 

responded to treatment and completely regressed by end of treatment.  Animal 

measurements were recorded three times a week. 
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Figure 4.6 Individual tumor growth curves of active treatment groups (larger scale 
for clarity) 

Larger scale of Figure 4.6. C57BL/6 mice (n=10 per group) were inoculated with 1x106 

exponentially growing MB49 cells on day 0. Shaded grey areas are vehicle, 5870, and 

CBX dosing days.  Vertical dotted lines are Ŭ-PD-1 dosing days.  Red Growth Curves 

indicate animals who responded to treatment and completely regressed by end of 

treatment. Animal measurements were recorded three times a week. 

 

 

Table 4.2 Summary of regressed animals at the end of active 
treatment 
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At the end of active dosing, treatment cohorts were compared based on their dosing 

counterpart (Figure 4.8).  In the monotherapy treatment groups, 60 ɛg 5870 had 

significantly higher tumor inhibition than 30 ɛg 5870.  Similarly, 60 ɛg 5870 with the 

addition of CBX significantly inhibited tumor growth from its 30 ɛg counterpart.  The 

addition of Ŭ-PD-1 to both celecoxib and 5870 at either dose were not statistically 

different from another.  

4.4 Overall tolerability of 5870 + CBX + PD-1 cohorts is favorable 

Three animals in the vehicle group behaved differently from vehicle groups in previous 

experiments. These animals were found dead in their cages on days 7, 17, and 19 

(Figure 4.9).  Cause of death was unable to be determined.  The 30 ɛg cohort groups 

Figure 4.7 Day 21 tumor volume comparison, all cohorts 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Vehicle/5870 were dosed on a 5 days on/2 day off schedule, CBX was 

coadministered with 5870/vehicle in the morning and alone PO 4 hours post 

coadministration, and Ŭ-PD-1was adminstered on days 6, 9, 12, and 15 post inoculation. 

Individual plots of animals remaining in study on day 21. Lines indicate mean ± SEM. *p 

****p Ò 0.0001. 
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 tolerated all their doses well and had high BAR (bright, alert, reactive) scores 

throughout the study.  Weight decreased in the 60 ɛg dosing cohorts in the second week 

of dosing, reaching their lowest weight following the third Ŭ-PD-1 dose.  Although this 

initial weight loss occurred, overall tolerability was favorable (except for the one un-

regressed mouse in 60 ɛg triple therapy cohort) with all mice regaining any weight they 

lost.  

Figure 4.86 Day 28 tumor volume comparison between 30 and 60 ɛg 5870 dosing 
cohorts 

Individual data with mean Ñ SEM. *p Ò 0.05, **p Ò 0.01.  Two data points are omitted 

from the 5870 30 µg cohort representation as they fell outside the axis limits.  Mean 

representation is correct. 
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4.5 Animals that maintained tumor regression from treatment are immune to 

tumor rechallenge  

Following active treatment, all surviving animals (non-regressed, those with palpable 

tumors, and completely regressed) were monitored for 53 days or until predetermined 

endpoints were reached (Figure 4.10). Table 4.3 summarizes the animals remaining in 

each cohort at the end of active dosing. 

Figure 4.9 Individual bodyweight growth curves 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Controls were distributed as follows: vehicle at the same time as 5870 

dose on a 5 days on/2 day off schedule (grey shaded areas), CBX coadministered with 

5870 or vehicle in the morning and alone PO 4 hours post coadministration, and Ŭ-PD-1 

on days 6, 9, 12, and 15 post inoculation (red vertical dotted lines). Red lines indicate 

animals that had completely regressed tumors at the end of dosing. Measurements were 

recorded three times a week for four weeks. 
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All animals that presented with complete tumor inhibition at the end of active dosing and 

maintained that regression were eligible to be rechallenged to test for immunity (Figure 

4.10). All animals with tumors present (including palpable masses) at the conclusion of 

dosing were monitored, eventually exceeded protocol limits, and were removed from the 

Figure 4.10 Individual tumor growth curves during observation period following 
completion of treatment 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Vehicle/5870 were dosed on a 5 days on/2 day off schedule, CBX was 

coadministered with 5870/vehicle in the morning and alone PO 4 hours post 

coadministration (grey shaded areas), and Ŭ-PD-1was adminstered on days 6, 9, 12, 

and 15 post inoculation (vertical dotted line). Regressed Animals are represented by red 

growth curves.  Animal measurements were taken three times a week. 

 



43 
 

study.  Additionally, all animals maintained a healthy weight or regained initial weight 

loss (Figure 4.11). 

4.6 Treatment with 5870 results in innate and adaptive immunity in an MB49 tumor 

model.  

To test for immunity to rechallenge, all mice that had completely regressed from 

treatment and maintained complete tumor suppression were re-inoculated with MB49 

cells on the opposite flank of their original inoculation site on day 83. Age-matched naïve 

(AMN) mice were also inoculated as controls.  Animals were then observed for another 

44 days. In the 30 ɛg and 60 ɛg 5870 monotherapy cohorts, all animals tested were 

protected from rechallenge (one and three animals, respectively) (Figure 4.12).  In the 

60 ɛg 5870 + CBX cohort, one of the two animals that were rechallenged were 

protected.  In the triple combination therapy cohorts, 4 out of 6 and 6 out of 8 animals (in 

the 30 and 60 ɛg triple therapy groups, respectively) were immune to rechallenge. 

Overall, 80% of all tumor bearing mice whose tumors regressed with one of five 

variations of treatment were immune to rechallenge.  This data strongly suggests that 

Table 4.3 Breakdown of remaining animals at the end of active dosing 
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5870 has an immune component in its therapeutic anti-cancer capacity and that it 

synergizes with CBX and Ŭ-PD-1. All animals maintained a healthy body weight 

progression throughout the rechallenge period (data not shown).  

Following the 44-day observation period, animals that were immune to rechallenge were 

then challenged with a different cancer cell type, EL4, to scrutinize whether the immunity 

previously detected was specific to MB49. Animals that were protected from MB49 

Figure 4.11 Individual body weight growth curves during observation period 
following completion of treatment 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Controls were distributed as follows: vehicle at the same time as 5870 

dose on a 5 days on/2 day off schedule (grey shaded areas), CBX coadministered with 

5870 or vehicle in the morning and alone PO 4 hours post coadministration, and Ŭ-PD-1 

on days 6, 9, 12, and 15 post inoculation (red vertical dotted lines). Red lines indicate 

animals that had completely regressed tumors at the end of dosing. Measurements were 

recorded three times a week for four weeks. 
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rechallenge were inoculated with EL4 cells on the original inoculation flank on day 128.  

All the animals that were challenged with EL4 were not protected from tumor growth 

(Figure 4.13).  EL4 is an aggressive tumor model that grows very quickly. Animals were 

observed for an additional 24 days and the experiment concluded on day 152. 

Additionally, animals maintained a healthy body weight throughout (data not shown). 

4.7 Survival Outcomes Improve with 5870 Treatment  

Survival increased significantly for all treatment groups when compared with each 

control group (Figure 4.14).  Monotherapy treatment with 5870 increased median 

survival by 39.5% for 30 ɛg and 195.8% for 60 ɛg (Table 4.4).  The addition of Celebrex 

to both the 30 and 60 ɛg groups increased survival by 45.8% and 206.3%, respectively. 

The incorporation of the checkpoint inhibitor Ŭ-PD-1 to 5870 with CBX increased 

Figure 4.12 MB49 rechallenge- individual growth curves 

Individual growth curves of AMN (age matched naïve mice, black line, N=10) and 

regressed animals (red) were inoculated with 1x106 exponentially growing MB49 cells 

on the opposite flank on day 83.  Animals were monitored for 44 days and 

measurements were taken three times a week. 
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 survival by 560.4% for the 30 ɛg group and 597.9% for the 60 ɛg group.  When 

comparing the 30 and 60 ɛg cohorts, 5870 monotherapies were the only dosing groups 

that were statistically significant from one another (p=0.0108).  Both cohort pairings that 

had either the addition of CBX or the addition of CBX with Ŭ-PD-1 were not statistically 

different from one another.  As a monotherapy 60 ɛg 5870 was superior to 30 ɛg 

however, with the addition of CBX and PD-1, the dose did not make a difference with 

respect to outcome. An outline of comprehensive survival can be found in Table 4.4. 

 

4.8 Anti-PD-1, not CBX, may be main driver of synergy or added benefit 

In the previous large scale efficacy study, Ŭ-PD-1 was investigated together with 5870 

and CBX.  Although historical data in the lab demonstrated an increased efficacy window 

with the addition of CBX to PT-100, the previous study did not have a cohort for 5870 

Figure 4.13 EL4 challenge- individual growth curves 

Individual growth curves of AMN (age matched naïve mice, black, N=10) and immune to 

rechallenge animals (purple).  Animals were inoculated with 4x106 exponentially growing 

EL4 cells on original inoculation flank on day 128.  Measurements were taken three 

times a week. 
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and Ŭ-PD-1 together without CBX. It was important to distinguish whether CBX played 

any role in efficacy.  To look at this, we re-ran the 5870 efficacy study without CBX.  

Individual growth curves are seen in Figure 4.15.  Anti-PD-1 on its own had no effect on 

tumor growth although there was a small spread among the individual growth curves 

when compared to vehicle. The 30 and 60 ɛg 5870 delayed tumor growth in a dose 

dependent manner but did not successfully regress tumors mice. The addition of Ŭ-PD-1 

to both treatment groups resulted in three and four animals with tumor regression for the 

30 and 60 ɛg groups, respectively.  The animals who did not regress showed a 

significant delay in tumor growth prior to meeting protocol endpoints.  

Bodyweights of the animals indicate that they tolerated all combinations well (data not 

shown).   

On day 14, tumor growth inhibition for the 30 ɛg 5870 and both 60 ɛg 5870 cohorts was 

statistically different from both control groups (Figure 4.16). On day 21, tumor growth 

Figure 4.14 Comprehensive survival curves 

Survival curves for entire study.  Grey shaded areas indicate active dosing days for 

vehicle, 5870, and CBX treatment.  Vertical red dotted lines indicate Ŭ-PD-1 dosing. RCI 

vertical dotted line indicates inoculation day for MB49 rechallenge.  RCII vertical dotted 

line indicates inoculation day for EL4 challenge. 
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inhibition for all active treatment arms were statistically different when compared to the 

vehicle control.  Both 30 and 60 ɛg 5870 + Ŭ-PD-1 cohorts had statistically smaller 

tumors than 30 ɛg 5870 by itself. On day 28, although both 30 and 60 ɛg 5870 + Ŭ-PD-1 

were statistically different from 30 ɛg 5870 alone, both dosing cohorts with just 5870 or 

with 5870 + Ŭ-PD-1 were not statistically different from one another. 

To determine whether the animals whose tumors regressed were protected from 

rechallenge, mice who had complete tumor remission for at least 30 days following end 

of treatment were rechallenged.  Mice were rechallenged as previously described 

alongside age matched naïve controls. All regressed mice were immune when 

rechallenged (Figure 4.17)  

All cohorts had statistically significant increase in survival over control groups (Figure 

4.18). Table 4.5 summaries median and percent survival for entire study. 

Table 4.4 Summary of median and percent survival 
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.  

 

 

Figure 4.15 Individual growth curves of 5870 Ŭ-PD-1 efficacy in MB49 

C57BL/6 female mice were inoculated with 1x106 MB49 cells on day 0.  Mice were 

treated starting on day 3 for 5 days with a 2 day break for 4 weeks.  Treatment groups 

are as follows: vehicle + isotype control, vehicle + 200 ɛg Ŭ-PD-1, 30ug (1.5 mg/kg) 

5870 + isotype control, 30ug (1.5 mg/kg) 5870 +  200 ɛg Ŭ-PD-1, 60ug (1.5 mg/kg) 5870 

+ isotype control, and 60ug (1.5 mg/kg) 5870 +  200 ɛg Ŭ-PD-1  (n=10/group) . Shaded 

areas indicate vehicle and 5870 dosing while dashed red lines indicate Ŭ-PD-1 

administration days. Red lines indicated animals whose tumors regressed during the 

study. 
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4.9 Discussion 

In the first efficacy study of this chapter, we looked at how 5870 Ñ CBX Ñ Ŭ- PD-1 would 

perform in an MB49 cancer model.  With respect to controls, we see that Ŭ-PD-1 alone 

or with the addition of CBX had a minimal effect on tumor inhibition.  This is not 

surprising as both Ŭ-PD-1 and CBX are known to have their own minimal level on anti- 

Figure 4.16 Efficacy tumor volume comparison by day for 5870 Ŭ-PD-1 
efficacy in MB49 

Results individual plots with mean line ± SEM; *p Ò 0.05, **p Ò 0.01, ***p Ò 

0.001, ****p Ò 0.0001. 
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tumor effect in the clinic [92, 94] . Overall, as we have seen previously, 5870 inhibits 

tumor growth in a dose dependent manner, although this is only true when dosed as a 

single agent.  The addition of CBX alone and CBX with Ŭ-PD-1 eliminates any statistical 

significance between the two dosing cohorts.  This could potentially be beneficial as 

lower dosing could aid in the reduction of toxicities that may be seen with higher doses.  

Most importantly, the addition of CBX with Ŭ-PD-1 resulted in a high amount of complete 

tumor suppression for both cohorts.  In the 30ɛg + CBX + Ŭ-PD-1 cohort, 6 out of 10 

animals had a complete tumor response, and four of those six animals were completely 

protected when rechallenged with the same tumor type.  In the 60ɛg + CBX + Ŭ-PD-1, 8 

out of 9 animals had a complete tumor response.  The one animal that did not have a 

complete response, had a palpable mass at the end of the active study.  Out of the 8 

animals who had a complete response, 6 of those animals were protected from 

rechallenge. The 4 animals who were not protected from rechallenge had a much slower 

tumor growth rate than the age matched naïve controls.  The animals who were  

 

Table 4.5 Summary of median and percent survival for 5870 ± Ŭ-PD-1 
MB49 efficacy 

All 5870 cohort survival curves were statistically different from vehicle (not 

shown).  The logrank test was used to compare survival distribution curves. 

*p Ò 0.05, ****p Ò 0.0001. 



52 
 

 

protected from rechallenge were not protected from a different cancer cell line.  These 

results strongly suggest an immuno-oncological synergistic, or at the very least, additive 

effect of 5870 when it is combined with CBX and Ŭ-PD-1.  

 

 

Figure 4.17 Rechallenge of 5870 ± Ŭ-PD-1 regressed mice 

Mice were inoculated with 1x106 MB49 cells on the opposite flank of original 

site on day 70 post original inoculation (black vertical dotted line). Naïve 

mice (n=10) were also inoculated with 1x106 MB49 as a tumor growth 

control. Mice were observed for 62 days (duration of time in graph limited to 

time when Naïve mice were included in study).  No growth during this time 

period was defined as successful immunity to rechallenge. 
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4.9.1 Limitations 

The efficacy study described above had one major limitation which resulted in the 

efficacy study that followed; there was no cohorts that looked at Ŭ-PD-1 with 5870.  

Unfortunately, the lack of such important groups made it impossible to statistically 

discern whether the increase in efficacy was due to the addition of Ŭ-PD-1 alone or both 

Ŭ-PD-1 and CBX together.  The efficacy study was repeated with cohorts that looked at 

5870 with Ŭ-PD-1, and although we were able to analyze the data, we were again unable 

to compare it to previous studies.  The following efficacy studies in chapter 5 attempted 

to address the limitations in the set of efficacy studies described above.  

The experiment depicted by figure 4.1 was completed by Sarah Poplowski, PhD. All 

other work and experimentation depicted in this chapter was executed and completed by 

Christina Deliyiannis Accetta 

  

Figure 4.18 Overall survival for of 5870 ± Ŭ-PD-1 MB49 efficacy 

Survival curves for entire study.  Grey shaded areas indicate active dosing days for 

vehicle and 5870.  Vertical red dotted lines indicate Ŭ-PD-1 dosing days.  Vertical black 

dotted line indicates inoculation day for MB49 rechallenge. 
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Chapter 5: 5870 Efficacy Investigated following CBX dosing optimization 

5.1 Introduction 

As previously discussed, our lab had demonstrated increased efficacy with the addition 

of celecoxib to PT-100.  This result did not extend to 5870. One issue could be that the 

physical change in functional groups (isopropyl to fluorinated adamantane) may have 

changed the mechanism of action of the compound or that CBX was not tested within an 

accurate range. 

In adults, the most common dose for celecoxib is a total of 200 or 400 mg per day (which 

can be taken once or split in between two doses) which is the equivalent of 3.33 or 6.67 

mg/kg (assuming a 60 kg adult).  Our animal protocol called for 1.2 mg/kg/mouse twice a 

day totaling 2.4 mg/kg/mouse/day. Using CDER guidelines to calculate the human 

equivalent dose allowed us to understand that we were dosing the equivalent of 0.195 

mg/kg/day which is approximately 17-34x lower than what is currently used in humans.  

The following study was performed to better understand previous results and to see if a 

new standard of dosing for CBX was needed to be developed based on correct human 

equivalent doses.  The objective of the following study was to investigate whether there 

was a superior outcome of efficacy using a low, medium, or high dose of celecoxib 

administered either once or twice daily. 

140 animals were tested with or without three doses of celecoxib (at human equivalent 

dose concentrations of 0.195, 1, and 5 mg/kg/day) with or without PT-100 (with 

appropriate controls) where celecoxib was either administered once or split between two 

separate doses.   
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5.2 Increase of efficacy with celecoxib depends on both dose and administration 

 

Due to the size of the study, the 14 cohorts are separated into a control set and active 

treatment set (Figure 5.1).  The control groups were not statistically different from one 

another.  Although all PT-100 + CBX cohorts were statistically different from vehicle, the 

only active cohort that was statistically different from PT-100 was PT-100 + 1231 ɛg 

CBX QD.  

 

All active treatment groups were statistically different from vehicle on days 14 and 21 

(Figure 5.2 ï pairwise comparisons omitted for visual clarity). By day 28, all vehicle 

animals were removed from study for having reached predetermined end points.  None 

of the cohorts receiving PT-100 with any dose of CBX twice a day were significantly 

different from PT-100 alone (Figure 5.2). The addition of 1231 ɛg CBX dosed once daily 

was the only combination that caused significant tumor regression. 

Figure 5.1 MB49 growth curves for CBX dose range with PT-100 

Results are mean only (error removed for visual clarity). Grey shaded areas indicate 

active dosing days. 
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Figure 5.2 Tumor volume comparison by day for CBX dose range with PT-100 

All treatment groups were statistically significant when compared to vehicle control 

(pairwise comparisons not shown for days 14 and 21 for visual clarity). Individual data ± 

SEM. . *p Ò 0.05, **p Ò 0.01, ***p Ò 0.001, ****p Ò 0.0001. 
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Additionally, although all dosing combinations significantly increased overall survival 

when compared to vehicle alone, 20 ɛg PT-100 + 1231 ɛg CBX dosed once daily was 

the only cohort that had significantly increased survival when compared to both vehicle 

and PT-100 alone (Figure 5.3, Table 5.1) 

Historical lab results indicated 24 ɛg of CBX dosed twice daily in addition to I-DASH 

increased efficacy, tolerability, and survival (Figure 4.2).  In the efficacy studies 

described above, the role and action of CBX was unclear and did not match historical lab 

results.  That, taken together with the human equivalent doses of CBX in mice, 

compelled us to re-examine the CBX doses that are used in efficacy studies. Three 

Figure 5.3 Survival overview for CBX dose range efficacy 

Survival curves separated into control and active treatment groups. Grey shading 

indicates active dosing period where animals were receiving vehicle, PT-100, and/or 

CBX. 
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doses within the range of human equivalent doses and the administration of those doses 

were investigated to clear up contradictory results with CBX and see if other doses 

would be superior to those historically used.  Based on the results, it was determined 

that any future experiments involving Celebrex would be dosed at 1231 ɛg (61.55 

mg/kg) once daily. 

 

Table 5.1 Median survival for all CBX dose range cohorts 

Median survival resulting from Kaplan Meier Analysis.  *p Ò 0.05, ****p Ò 

0.0001 
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5.3 Repeat of 5870 Ñ CBX Ñ Ŭ-PD-1 with adjusted CBX dosing and administration 

The following efficacy study is the same as the previous study with the addition of Ŭ-PD-

1 cohorts and dose and frequency for CBX (Figure 5.4) 

 

Most groups tolerated dosing well (Figure 5.5).  For the animals receiving 20 ɛg PT-100 

alone (Figure 5.6a), one animal was found dead on day 28 (final day of active dosing), 

but was a healthy weight and BAR on day 27.  One animal was euthanized due to 

severe abdominal distension on day 28 and had blood present in the peritoneal cavity.  

In the 20 ɛg PT-100 + CBX group, one animal was found dead on day 14 (end of second 

week of dosing) who was also BAR on the previous day.  

In the 30 ɛg 5870 + CBX cohort (Figure 5.6c), one animal was found dead on day 7 and 

one animal was euthanized due to poor body condition score that occurred 10 days after 

the final dose.  The animalôs poor condition was not believed to be related to the 

compound. Several animals in the 30 ɛg 5870 +CBX and +CBX +Ŭ-PD-1 groups also 

had potential tolerability issues.  Although historically tolerated, 5 out of 9 animals on day 

Figure 5.4 Restructured MB49 efficacy study timeline 
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21 in the 30 ɛg 5870 + CBX group (Figure 5.6g) dropped 20% of their body weight.  

Similarly, 3 out of 5 mice within the same cage of the 30 ɛg 5870 +CBX +Ŭ-PD-1 

dropped >22% (Figure 5.6o).  All other animals in both cohorts had a body weight 

percent change within 4%.  Generally, when a 15% or greater reduction in bodyweight is 

noted, animals need to be euthanized.  As all animals were BAR, an exception was 

made to monitor the animals closely.  All animals in both cohorts recouped their original 

weight prior to their drastic drop within 2 days.  Cause for such a severe drop in 

bodyweight is unknown although it is suspected that the cage water bottles may have 

been blocked by buildup. 

In the 60 ɛg 5870 + CBX cohort (Figure 5.6h), one animal was euthanized due to severe 

Figure 5.5 MB49 tolerability summary 

Animal weights were measured three times a week during active dosing and plotted. 

Grey shaded area indicated active dosing days and vertical red dotted line indicated Ŭ-

PD-1 dosing. Data is average ± SEM.  

 



61 
 

weight loss on day 12 (middle of week 2), and two animals were found dead in their 

cage on day 21 (last day of week 3).  One of these animals had decreased body activity 

and temperature following dosing. In the 60 ɛg 5870 + Ŭ-PD-1 group (figure 5.6j), one 

animal was found dead on day 17.  Finally, one animal in the 60 ɛg 5870 +CBX +Ŭ-PD-1 

group (Figure 5.6p) was found dead on day 27 on second to last day of active dosing.  

At the time, the animal had a negligible size tumor (16.7 mm3).   

 

When compared to vehicle and each combination control cohort, all I-DASH groups 

resulted in a reduction of tumor growth in a dose dependent manner (Figure 5.7). The 

Figure 5.6 Individual growth curves in MB49 efficacy 

Animal weights were measured three times a week during active dosing and plotted. 

Grey shaded area indicated active dosing days and vertical red dotted line indicated Ŭ-

PD-1 dosing. Data is average ± SEM.  
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addition of CBX and Ŭ-PD-1 both together and separate, also resulted in increased 

tumor suppression.  

 

Out of all the animals receiving only I-DASH, one animal in the 30 ɛg 5870 group had a 

tumor regress by the end of active dosing (Figure 5.8c).  For the animals receiving both 

Figure 5.7 Summary of MB49 efficacy in restructured study 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Controls were distributed as follows: vehicle at the same time as I-DASH 

dose on a 5 days on/2 day off schedule (grey shaded areas), CBX coadministered with 

5870, and Ŭ-PD-1 on days 6, 9, 12, and 15 post inoculation (red vertical dotted lines).  

Data are average ± SEM ï averages reported until >30% of animals had been removed 

from study. 
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I-DASH and CBX together, two animals, one animal, and three animals had complete 

tumor regression by the end of active dosing in 20 ɛg PT-100, 30 ɛg 5870, and 60 ɛg 

5870 cohorts, respectively (Figure 5.8f-h). For 20 ɛg PT-100 + CBX, one additional 

animal had a regressed tumor that grew back after the end of treatment, and for the 60 

ɛg PT-100 cohort, one additional animal had a regressed tumor, but died on day 19 of 

active treatment. Out of the three cohorts, 60 ɛg 5870 + CBX had the highest amount of 

tumor suppression. 

With the addition of Ŭ-PD-1 instead of CBX to I-DASH, one animal in both the PT-100 

and 60 ɛg cohorts had regressed by the end of the study while two animals in the 30 ɛg 

5870 + Ŭ-PD-1 cohort regressed (Figure 5.8j-l).  There was an additional animal in the 

30 ɛg 5870 + Ŭ-PD-1 group and three additional animals in the 60 ɛ + Ŭ-PD-1 cohort 

whose tumors had completely regressed but began to grow back a week and a half after 

dosing ended.  

The highest amount of regression was in the animal cohorts that received both + CBX 

and + Ŭ-PD-1 in addition to I-DASH (Figure 5.8m-p). Surprisingly, one animal in the 

control cohort that received CBX + PD-1 had regressed at the end of active dosing.  With 

20 ɛg PT-100 + CBX + Ŭ-PD-1, three animals had regressed tumors by the end of 

dosing with one of the animalôs tumors growing back a week and a half after dosing 

ended.  With 30 ɛg 5870 + CBX + Ŭ-PD-1, two animals had regressed tumors at the end 

of active dosing.  In the 60 ɛg 5870 + CBX + Ŭ-PD-1 cohort, 5 animals had regressed 

tumors by the end of active dosing.  An additional animal also had a completely 

regressed tumor but died on the final day of active dosing.  

All the animals whose tumors regressed at the end of treatment remained regressed for 

the observation period (Figure 5.8, red).  On day 75, these animals were rechallenged 

with MB49 cells in the opposite flank of the original MB49 challenge with age-matched 
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naïve control mice. All the animals whose tumors were regressed and remained 

regressed, except for the one regressed animal thatreceived CBX + Ŭ-PD-1, were 

immune to MB49 rechallenge (Figure 5.9). To test whether this immunity was specific to 

MB49 itself, the animals who were immune to rechallenge were challenged again on the 

original flank with EL4 cells.  All animals that were immune to MB49 rechallenge that 

were challenged with EL4, grew tumors (Figure 5.9).  

Figure 5.8 Individual MB49 efficacy in restructured study 

C57BL/6 mice (n=10 per group) were inoculated with 1x106 exponentially growing MB49 

cells on day 0.  Controls were distributed as follows: vehicle at the same time as I-DASH 

dose on a 5 days on/2 day off schedule (grey shaded areas), CBX coadministered with 

5870, and Ŭ-PD-1 on days 6, 9, 12, and 15 post inoculation (red vertical dotted lines).  

Red fraction indicates how many animals had tumors that regressed. 


