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ABSTRACT 

Targeting X-linked Inhibitor of Apoptosis Protein (XIAP) to Overcome Rituximab/ 

Chemotherapy Resistance in B-Cell Lymphomas 

The addition of Rituximab to front-line therapy has improved clinical outcomes in diffuse large B-

cell lymphoma (DLBCL), but it has also altered the biology of relapsed/refractory disease. To 

better understand the mechanisms responsible for Rituximab associated chemotherapy cross-

resistance our group developed and characterized several Rituximab resistant cell lines (RRCL). 

We previously demonstrated using SiRNA interference, that X-linked inhibitor of apoptosis (XIAP) 

is critical for chemotherapy sensitivity and survival in RRCL. Using MX69, a dual inhibitor of 

MDM2and XIAP that indirectly downregulates XIAP, in pre-clinical testing we downregulated 

XIAP to evaluate whether this strategy can help overcome rituximab resistance. MX69 affects 

XIAP levels by its effects on the ubiquitination and degradation of endogenous MDM-2, resulting 

in decreased XIAP translation which results in activation of caspase 3, 7 and 9, and cleavage of 

PARP enhancing apoptosis of cancer cells. In our current work, we pharmacologically inhibited 

XIAP in lymphoma pre-clinical models using MX69. 

In vitro, a panel of Burkitt's Lymphoma (BL, including RRCL), germinal center B-cell (GCB)-DLBCL 

(including RRCL), activated B-cell (ABC)-DLBCL, Mantle cell Lymphoma (MCL) and Pre-B cell 

Leukemia cell lines were exposed to MX69 as a single agent (0-80uM) over 24, 48, 72 hrs. Half 

maximal inhibitory concentrations(IC50)were calculated for each cell line, to define the single 

agent activity of MX69 as an antilymphoma agent. Western blotting studies confirmed the 

mechanism of action for the compound with downregulation of Mdm2, XIAP and changes in P53 

and PARP, following in vitro MX69 exposure (at IC50 doses) for 24 hrs. Induction of apoptosis was 
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observed by Annexin V/propidium iodine staining. Subsequently, in order to test the potential 

for MX69 to enhance chemosensitivity, cell lines were exposed to MX69 (0-80 uM), in 

combination with doxorubicin (0-1uM), cytarabine (0-50uM), vincristine (0-10nM), etoposide (0-

50uM), carboplatin (0-20uM), ixazomib (0-1.5uM), ibrutinib (0-20uM) and venetoclax (0-10uM) 

for 48 hours. Combination treatments revealed synergy between MX69 and the 

chemotherapeutic agents venetoclax, cytarabine and doxorubicin. 

Our data suggest the anti-tumor activity of MX69 against a wide variety of B-cell lymphoma cell 

lines (including BL, DLBCL, MCL or RRCL) resulted in. We hypothesize that the anti-tumor effect 

of MX69 is due to downregulated XIAP levels. These findings support the data from our prior 

SiRNA XIAP knockdown experiments. Strong synergy was observed when combining XIAPsiRNAs 

with chemotherapeutic agents and small molecules inhibitors (such as venetoclax, cytarabine 

and doxorubicin). Ex vivo experiments using primary tumor cells isolated from lymphoma 

patients and lymphoma mouse models are planned. Targeting XIAP can be an attractive 

therapeutic strategy in patients with Rituximab-sensitive or -resistant B-cell lymphoma. 
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CHAPTOR ONE: INTRODUCTION 

Background 

The human immune system is an intricate network of organs and cells, that work together to 

defend the body against extrinsic and intrinsic threats. The lymphoid system forms the backbone 

of immune system by contributing to both innate (non-specific) immunity and adaptive (specific) 

immune responses through B and T cells. Lymphoma is malignancy of the lymphoid immune 

system. From a clinical perspective it is divided into two distinct entities; Hodgkin’s lymphoma, 

which is defined by the presence of Reed-Sternberg cells in lymph nodes, and non-Hodgkin 

lymphoma, which include all other types of lymphomas. 

In 2019, 41,090 people in the USA are expected to develop non-Hodgkin lymphoma, resulting in 

11,510 deaths.1 In New York state alone, 1200 people died of non-Hodgkin lymphoma among in 

the year 2018 making it the 9th deadliest cancer. 

Overall, more than 90% of all non-Hodgkin lymphomas in western countries are of mature B-cell 

origin, with diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) being the most 

common subtypes. B-cells are an important component of adaptive immunity and are 

characterized by the presence of surface proteins including CD19, CD20 and CD79. 

One of the mainstays of treatment for patients with non-Hodgkin lymphoma is rituximab. 

Rituximab is a chimeric human/ mouse monoclonal IgG antibody against the CD20 antigen.2 CD20 

is expressed on more than 90% of B-cell non-Hodgkin lymphomas. Rituximab has demonstrated 

efficacy in patients with various lymphoid malignances including indolent and aggressive forms 
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of B-cell non-Hodgkin lymphoma. Rituximab kills malignant B-cells through several mechanisms 

including: 

1. Complement mediated cytotoxicity (CMC) 

2. Antibody dependent cellular cytotoxicity (ADCC) 

3. Induction of apoptosis3 

In vitro data suggest that rituximab sensitizes tumor cells to the effects of chemotherapy.4 The 

addition of rituximab to chemotherapy has drastically improved outcome for patients with non-

Hodgkin lymphomas, resulting in improved response rates, increased progression-free survival 

and better overall survival.5 Unfortunately, patients with aggressive lymphomas who do not 

respond to or relapse after rituximab-based chemotherapy now face a very poor prognosis and 

subsequent therapies have been ineffective.6,7 Patients with rituximab resistant NHL therefore 

have an unmet medical need for novel therapy. 

Outcomes with Rituximab Resistance 

Multiple studies have demonstrated an aggressive disease course in patients with non-Hodgkin 

lymphomas whose disease is refractory to and relapse after treatment with rituximab. The 

mechanism behind the aggressive behavior of rituximab-resistant lymphomas is incompletely 

understood. Resistance is hypothesized to result from acquisition of phenotypic changes in 

cancer cells or alterations in the host immune system. This hypothesis was comfirmed i by Martin 

et al. in GEL/ TAMO study6 and Gisselbrecht et al.8 who evaluated salvage regimens in DLBCL. 

Both studies showed that use of rituximab as first-line therapy in patients with DLBCL resulted in 

selection of resistant clones. This resistance selection results in inferior outcomes in the relapsed/ 
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refractory setting. Rituximab has therefore changed the biology of disease in patients with 

relapsed/refractory B-cell non-Hodgkin lymphoma. Thus, there is a clear need to study the 

mechanisms involved in rituximab resistance and to identify targets to overcome the poor 

outcomes associated with resistant lymphoma. 

Mechanisms of Rituximab Resistance 

How do lymphoma cells become resistant to rituximab? We and others have addressed this 

question. 

One potential explanation is downregulation of CD20 expression, a phenomenon that has been 

documented in patients with relapsed/refractory B-cell lymphoma after rituximab-based 

therapies. Due to the direct relationship between expression of CD20 and the activity of 

rituximab, this is thought to be among the most important mechanisms of rituximab resistance.9– 

12 Despite good preclinical data, a dearth of paired samples from patients relapsing after 

treatment with rituximab means that the exact significance of CD20 loss in rituximab resistance 

and its relationship to other potential escape mechanisms is still a subject of research. 

We and others have shown a gradual reduction of CD20 expression along with upregulation of 

CD55 and CD59 in rituximab treated cell lines during the development of rituximab resistance 13. 

Rituximab resistant cell lines were developed by systematic exposure of rituximab sensitive cell 

lines to repeated escalating doses of rituximab in conjunction with human serum.14 The rituximab 

resistant cell lines developed by our laboratory demonstrate cross-resistance to chemotherapy. 

Apoptosis and Rituximab Resistance 
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In vitro studies have shown that initial exposure of malignant cells to rituximab results in a 

decrease in the expression of anti-apoptotic proteins including Bcl-2 or Bcl-xL.15,16 Repeated 

exposure to rituximab lead to decreased expression of the pro-apoptotic proteins Bax and Bak 

resulting in a therapy-resistant phenotype. 

Bax and Bak are Bcl-2 family proteins that are essential for execution of programmed cell death. 

Upon stimulation by pro-death signals, these proteins undergo structural changes followed by 

oligomerization on the mitochondrial membrane. These changes damage the mitochondrial 

membrane resulting in a loss of membrane potential which triggers programmed cell death.17 

Our lab previously demonstrated that restoring Bax expression by transfecting Bax in RRCLs 

induces apoptosis but this target has little translational value.18,19 In order to identify a target 

within the same pathway, we focused on Inhibitors of apoptosis proteins (IAPs) as a potential 

way to inhibit effector caspases in RRCLs as a strategy to enhance apoptosis and increase 

sensitivity to chemotherapy. 

Inhibitor of Apoptosis Proteins and Rituximab Resistance 

The IAPs are a family of functionally and 

structurally related proteins that serve 

as negative regulators of programmed 

cell death. They are characterized by the 

presence of an approximately 70-amino 

acid residue-large zinc-binding domain 

called a baculovirus IAP repeat (BIR) domain.20 These proteins regulate key pathways controlling 
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the expression of genes responsible for inflammation, immunity and cell survival. There are eight 

IAPs in humans of which XIAP is the best characterized and most potent, produced by the gene X 

linked inhibitor of apoptosis protein (XIAP), located on the X chromosome. Other IAPs in humans 

include cIAP, Survivin, Livin, Bruce, cIAP1, cIAP2, NAIP, and ILP2. Derangements in IAP functions 

have been identified in many cancers and have been linked to disease initiation, tumor 

maintenance, and/or progression, making IAPs potential targets for anticancer therapy.21 

XIAP and Cancer 

XIAP is an important member of the IAP family, which has been well characterized. It specifically 

inhibits caspases 3, 7 and 9 resulting in enhanced cell survival and escape from programmed cell 

death. These caspases are involved in the mitochondrial apoptotic pathway, an important cell 

death mechanism induced by radiotherapy and many chemotherapeutic drugs. Inhibition of 

these caspases by the XIAP protein suggests a potential crucial role for this protein in the 

development of resistance to anticancer treatment. Previous work has shown that high level of 

XIAP expression correlates with chemotherapy resistance and poor outcome, furthermore down-

regulation of XIAP by RNA interference (in vitro? In mouse models?) increases the sensitivity of 

lymphoma cells to killing by cytotoxic T-cells.22 

Structure and Function of XIAP 

XIAP is a 57 kDa protein and has three zinc-binding BIR domains and a RING finger motif.23,24 The 

function of BIR1 domain is unknown, the BIR2 domain inhibits caspase-3 and -7, while the BIR3 

domain inhibits activation of caspase-9 from pro-caspase-9. 
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The BIR2 domain inhibits caspase-3 and -7.25 Increased expression of cDNA from BIR2 domain 

results in inhibition of death receptor and mitochondrial pathways, reducing apoptosis.26 

Mutations in this domain result in loss of XIAP mediated protection against Fas ligand or Bax-

induced apoptosis. Structural and biochemical studies reveal that the linker region immediately 

N-terminal to the globular BIR2 domain plays a key role in caspase-3 inhibition while the BIR2 

binding groove interacts predominantly with caspase-7, thereby inhibiting it.27–30 Mutations 

affecting the BIR2 linker region abolish XIAP mediated caspase-3 inhibition with and reduce 

caspase-7 blockage. However, mutations of BIR2 binding groove affect caspase-3 and -7 

inhibition equally.31 Based upon these data, both the linker region and the binding groove site of 

BIR2 are potential targets for new cancer therapy. 

The BIR3 domain inhibits activation of caspase-9, which mediates the start of the mitochondrial 

pathway of apoptosis.32 Overexpression of BIR3 related cDNA has been shown to suppress 

apoptosis in response to Bax, a mitochondrial pathway stimulus, but not in response to 

stimulation of the death receptor pathway.26 There is a binding site on the BIR3 domain that 

interacts with caspase-9 to keep it in its inactive monomeric form. A groove on the surface of 

BIR3 domain then interacts with the small subunit of caspase-9 to lock it in its inactive state.33 

This makes the caspase-9 binding pocket of the BIR3 domain also a potential target. 

XIAP and MDM2 

XIAP carries out its functions in close relationship with MDM2, an oncogene overexpressed in 

many cancer cells. MDM2 is an inhibitor of the tumor suppressor p53 and serves a critical role in 

cancer cell survival and disease progression.34 Increased levels of MDM2 protein have been 
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demonstrated in a number of human malignancies. XIAP acts as a suppressor of MDM2 and 

prevents MDM2-mediated p53 degradation.35 MDM2 and XIAP are also mutually regulated. 

Binding of MDM2 RING domain to IRES region on XIAP mRNA results in MDM2 protein 

stabilization and enhanced XIAP translation.36 

XIAP Mediated Resistance to Cancer Therapy 

In his work on rituximab resistant lymphoma cell lines in our lab, Dr. Kyle Runckel showed that 

the expressions of survivin and livin are upregulated in RRCLs. The expressions of cIAP and XIAP 

were moderately increased, whereas no differences were observed in in the level of cIAP2 

between RRCLs and their rituximab-sensitive parent cell lines.37 Although survivin levels in RRCL 

were markedly higher, unexpectedly, knockdown of survivin (in the RRCL Raji4RH) did not 

increase its chemo-sensitivity. To investigate this further, our group used transient siRNA 

knockdown of several members of the pathway, including survivin, livin, cIAP1 and cIAP2 

individually and together but found no differences in chemotherapy sensitivity associated with 

these knockdowns in the Raji4RH cells compared to scramble siRNA controls. By contrast, 

transient siRNA knockdown of XIAP resulted in a significant change in the rate of apoptosis. 

Furthermore knockdown of XIAP alone in Raji4RH induced spontaneous apoptosis and 

knockdown enhanced the cytotoxic effects of both gemcitabine(at 50µM) and etoposide (at 

50µM) and.38 These results suggest that XIAP is critical to chemotherapy resistance in the RRCLs, 

and that an siRNA knockdown of XIAP can re-sensitize rituximab resistant lymphoma cell lines to 

chemotherapy both in vitro and in vivo. 

MX69 as an Inhibitor of XIAP 
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MX69 is a small molecule inhibitor of the interaction between MDM2 protein and XIAP RNA, 

treatment with this drug results in degradation of MDM2. MX69 exerts its pro-apoptotic effects 

by activating p53 through suppression of MDM2 and blocking the inhibition of XIAP with 

MDM2.39 In experiments conducted by Gu et al. on leukemia cell lines, MX69 significantly 

increased the half-life of p53 protein, downregulated MDM2 and also exhibited MDM2-

dependant inhibition of XIAP. Treatment with this drug resulted in induction of apoptosis and 

cancer-cell cytotoxicity. 

Hypothesis 

Rituximab resistance is of grave clinical concern in an age where lymphoma has become a 

potentially curable malignancy. Based on our observation of increased XIAP expression in 
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rituximab resistant lymphoma cell lines, we hypothesized that and inhibition or downregulation 

of XIAP in lymphoma cell lines and xenograft models would result in re-sensitization of these cells 

to chemotherapy, immunotherapy and/or clinically relevant small molecule inhibitors. To test 

this hypothesis, we used MX69 as a pharmacological agent to decrease the expression of XIAP in 

RRCLs and their parent rituximab sensitive B cell lymphoma cell lines in order to evaluate whether 

pharmacological knockdown of XIAP could overcome resistance to rituximab. We combined our 

pharmacological XIAP inhibitor with clinically relevant chemotherapy drugs and small molecules 

to test potential opportunities for synergy. 
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CHAPTER TWO:	 MATERIALS AND METHODS 

Cell Lines and Cell Culture Media: 

These pre-clinical studies were done in rituximab sensitive cell lines (RSCLs), rituximab resistant 

cell lines (RRCLs) and pre-B cell leukemia cell lines. RSCLs included two Burkitt’s lymphoma lines 

(Raji and Daudi), 7 DLBCL lines (RL, TMD-8, Ramos, DHL-4, DHL-6, DOHH-2 and OCI-LY1), 4 mantle 

cell lymphoma lines (HBL-2, Granta, Mino and Z-138) and a pre B-cell leukemia line (Reh). These 

were purchased from the Leibniz-Institute/German Collection of Microorganisms and Cell 

Cultures. RRCLs were created in our lab as previously described.14 All cell lines were maintained 

in RPMI 1640 (Gibco, Grand Island, NY) supplemented with 10% heat-inactivated fetal bovine 

serum (Atlanta Biologicals, Norcross, GA), 5mM/L HEPES at 37°C, 5% CO2, 100 units/ml penicillin 

and 100µg/ml streptomycin. To prevent genetic drift lines were maintained in continuous culture 

for less than 6 months (Thermo Fisher Scientific, Waltham MA). 

Antibodies and Reagents: 

MX69 was purchased from Selleck chemicals. Rituximab, doxorubicin, vincristine, carboplatin, 

cytarabine, ixazomib, etoposide, ibrutinib, venetoclax, ofatumumab, obinatuzamab and 

trastuzumab were obtained from the RPCCC Pharmacy. Primary western blot antibodies and HRP 

conjugated antibodies were purchased from Santa Cruz Biotechnology, Inc. RIPA buffer, trypan 

blue and histopaque-1077 were obtained from Sigma-Aldrich Inc. (St Louis, MO). Protease 

inhibitor cocktail set I and phosphatase inhibitor cocktail set V were purchased from EMD 

Millipore (Billerica, MA). The Cell Titer-Glo Luminescent Viability Assay and the Caspase-Glo 

10 

https://described.14


 
 

          

            

              

           

            

          

 

    

               

               

            

          

          

            

             

            

              

             

          

        

luminescent caspase activity assays were purchased from Promega (Madison, WI). All 

luminescent assays were read on a Synergy HTX multi-plate reader purchased from Biotek 

(Winooski, VT). Annexin V-PE/Cy7 and the Sytox Blue DNA stain for apoptosis studies were 

purchased from Thermo Fisher Scientific. All flow cytometric studies were run on a Becton 

Dickinson LSR-II flow cytometer at the Roswell Park flow cytometry core facility. Results were 

processed with FCS express software version 4 purchased from De Novo software of Glendale, 

CA. 

Quantification of IAP Protein Expression: 

Expression levels of XIAP, MDM2, P53 and PARP were determined by western blot. Cells were 

incubated at 4°C for 24hrs both control and treated. Protein lysates were extracted from Raji, 

Raji4RH, RL and RL4RH using a RIPA buffer solution containing protease and phosphatase 

inhibitors added according to manufacturer provided specifications. Lysates were extracted: 

nuclei and debris were pelleted at 13,000 rpm for 30 minutes in an Eppendorf microcentrifuge. 

Lysates were made with crude protein supernatents, 4x Laemmli SDS-PAGE buffer and deionized 

water, heat treated at 100°C for 10 minutes. These lysates were then run on 10% polyacrylamise 

gel and transferred onto a nitrocellulose membrane using the iBLOT system (Invitrogen 

Technologies, Grand Island, NY). Membranes were blocked for a minimum of 60 minutes with 5% 

milk in tris-bufferes saline with tween (TBST) and then incubated at 4°C for 12-18 hours with 

antibodies directed against proteins of interest. HRP–conjugated secondary antibody was used 

for detection with the ECL-Plus enhanced chemiluminescence visualization system (Amersham 
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Life Sciences, Arlington Heights, IL). Targeted antibodies were purchased from Santa Cruz 

Biotecnology. 

In Vitro Induction of Apoptosis Studies: 

Induction of apoptosis in both sensitive and resistant cell lines was measured by Flow cytometry. 

Cells were harvested at 1 million cells/tube concentration at increasing doses of MX69 and with 

different combination doses of MX69 and Venetoclax exposure for 48 hours. Cells were then 

incubated with the master mix of Annexin V binding buffer in combination with Sytox Blue nucleic 

acid stain (5mM solution in DMSO) and Annexin V PE-Cyanine7 (5µl/test), purchased from 

Invitrogen by Thermo Fisher Scientific and maintained at -4°C and -20°C freezers respectively, for 

30 minutes in the dark. Apoptosis was analyzed by flow cytometric analysis. Experiments were 

repeated three times and graphed using SPSS software. 

Caspase Activity Studies: 

Cells for caspase activity studies were pretreated with escalating doses of MX69 and media as a 

control and incubated at 37°C, 5% CO2 for 24 and 48 hours. Caspase activity was measured in 96 

well plates with Promega luminescent Caspase-Glo assay, which is used to calculate the activity 

of caspase 3 and caspase 7 together which was exposed in 1:1 ratio for 45-60 minutes. The 

caspase activity was measured by synergy multi-mode reader (Bio-Tek) and graphed in SPSS. Each 

experiment was repeated three times and the average was calculated for the results. 

51Cr Release Assays: 
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To assess the impact of MX69 exposure on rituximab, obinatuzumab, ofatumumab and Herceptin 

associated CMC and ADCC both RSCLs and RRCLs were treated with MX69 (0-30µM) and 

incubated at 37°C, 5% CO2 for 48 hours. Subsequently, 2x106 viable cells were labelled with 51Cr 

at 37°C, 5% CO2 for 2 hours. 51Cr-labelled cells were then plated at a concentration of 1x106 

cells/well (CMC assay). Cells were exposed to rituximab (10 µg/ml), obinatuzumab (10 µg/ml), 

ofatumumab (10 µg/ml)or isotype (10 µg/ml),and human serum (CMC,1:4 dilution) or PBMCs 

(ADCC, 40:1 effector:target ratio) for 6 hours at 37°C, 5% CO2. Following exposure to antibodies, 

plates were centrifuged at 2000 rpm for 5 minutes and the supernatant was collected and 100µl 

of 5% T-X100 was added to the control wells. 51Cr release was measured by the gamma-counter 

(Life Science Instruments) and percentage cell lysis was calculated and graphed via SPSS. Each 

experiment was repeated three times and the average was calculated for the results. 

In Vivo Studies: 

For in vivo experiments 6-8 weeks old severe combined immunodeficiency (SCID) mice were bred 

and maintained at the Department of Laboratory Animal Resource (DLAR) facility at RPCCC, 

certified by the American Association for Accreditation of Laboratory Animal Care (AAALAC) in 

compliance with current regulations and standards of the United States Department of 

Agriculture and the United States Department of Health and Human Services. All the animals 

were housed and maintained in laminar flow cabinets or micro isolator units and provided with 

sterilized food and water. 

In vivo studies utilized a disseminated human lymphoma-bearing SCID mouse xenograft model. 

Mice were inoculated on day zero with 10 x106 Raji 4 cells through tail vein injection. After 7 days 
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animals were divided into four treatment groups: (1) control, (2) MX69 10mg/kg P.O, (3) MX69 

50mg/kg P.O, (4) MX69 100mg/kg P.O. Experiments were performed in duplicate. Results were 

analyzed in SPSS software version 21 supplied by IBM. Kaplan-Meier analysis with survival 

statistics was calculated using the log-rank test, and results are given as a significance (p) value. 

Time to development of limb paralysis served as the survival endpoint. 
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CHAPTER THREE:	 RESULTS 

MX69 has Single-Agent In Vitro Anti-Tumor Activity in B-NHL Cell Lines: 

To investigate the antitumor potential 

of targeting of XIAP protein we obtained 

the small molecule inhibitor, MX69 

from Selleck chemicals. MX69 is a dual 

inhibitor of MDM2 and XIAP. Its main 

mechanism of action is endogenous 

ubiquitination and degradation of 

MDM2. By decreasing MDM2 protein 

MX69 decreases the interaction of XIAP 

mRNA and MDM2 IRES, thereby 

decreasing transcription and translation 

of XIAP. A panel of B-NHL cell lines were 

incubated with increasing doses of MX69 for a period of 24, 48 and 72 hours and the IC50 values 

for this agent at the 48 hour time point was calculated. IC50s for this agent ranged from 15µM 

to >100µM. (See fig. 1) The majority of cell lines tested had IC50 values close to 40µM, with RSCLs 

(Raji and RL) showing activity at lower doses than RRCLs (Raji4RH and RL4RH). Viability of the 

treated lymphoma cell lines was measured at 48 hours. (See fig. 2) These results indicate that 

MX69 is active as a single agent in B-NHL cell lines representing a range of disease subtypes 

(Burkitt’s lymphoma, mantle cell lymphoma and diffuse large B-cell lymphoma). 
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Single agent MX69 Produces Apoptosis in Both Rituximab -Sensitive and -Resistant Cell Lines 

at Their Respective IC50 Values: 

After calculating the individual IC50 values for all the cell lines, both the RSCLs and RRCLs were 

treated with MX69 across a range of doses spanning the IC50 to evaluate for development of 

apoptosis. Early or late apoptosis was seen in 50% of cell lines, treated with MX69 at the 

respective IC50 value. Similar results were observed when we used escalating doses of MX69 with 

enhanced apoptosis observed at higher doses in all four cell lines. (See fig. 3) 
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In Vitro Exposure of MX69 Decreases XIAP and MDM2 Protein Expressions: 

To investigate the direct effects of 

MX69 on XIAP and MDM2 levels in 

vitro in RRCLs we exposed the 

rituximab resistant cell lines 

Raji4RH and RL4RH and the 

sensitive parent lines Raji and RL, 

to MX69 at the expected IC50 dose 

for 24 hours and observed a 

decrease in the expression of XIAP 

and MDM2. We confirmed that 

treatment with MX69 decreases protein levels of XIAP and MDM2 in B-NHL cells. It is notable 

that expressions of XIAP is elevated in resistant cell lines (Raji4RH and RL4RH) in comparison with 

expression in sensitive parent lines (Raji and RL). The altered expression of XIAP following 
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treatment with MX69 in both sensitive and resistant cell lines correlated with induction of 

apoptosis, as evidenced by cleavage of PARP. 

In Vitro Exposure of MX69 Induces Apoptosis and Increases Caspase 3/7 Activity in RSCLs: 

To investigate the apoptotic 

pathway by which MX69 

decreases cell viability we 

calculated concordant caspase 

3/7 activity and viability of both 

RSCLs and RRCLs. As shown in 

figure 5, RSCLs (Raji and RL) 

demonstrated reciprocal 

changes in viability associated 

with increased caspase 3/7 

activity, indicating induction of apoptosis via caspase pathway activation. By contrast, caspase 

activity was not induced in RRCLs (Raji4RH and RL4RH). 

MX69 enhanced the ADCC of CD20 Antibodies in RL cells: 

To investigate the effects of MX69 on activity of CD20 inhibitors, treated rituximab sensitive and 

resistant cell lines with MX69 in combination with clinically relevant anti-CD20 mABs and tested 

the impact of these combinations on CMC and ADCC. We used rituximab, ofatumumab, 

obinatuzamab and Trastuzumab (isotype) incubated in human serum for evaluation of CMC and 

apoptosis, and in normal donor peripheral blood mononuclear cells (PBMCs) for evaluation of 

18 



ADCC. MX69 failed to provide additional benefit over antibodies alone in complement mediated 

cytotoxicity, ADCC was convincingly enhanced in the rituximab sensitive Raji cell line in 

combination with anti-CD20 antibodies, but was not enhanced in the rituximab sensitive RL line 

or in any of the RRCLs. (See fig. 6) No substantial combination effect on viability was seen with 

the combination of MX69 and the CD20 antibodies. 

(A) CMC                                                    (B) ADCC (C) Apoptosis 
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Trastuzumab Trastuzumab 

Figure 6: Effects of MX69 with CD20 Antibodies: (A)Escalating doses of MX69 does not induces Complement Mediated Cytotoxicity in RSCLs and 

RRCLs treated in combination with CD20 antibodies such as Trastuzumab, Rituximab, Ofatumumab and Obinatuzumab (10µ g/ml)(B)However, 

escalating doses of MX69 enhances Antibody Dependent Cellular Cytotoxicity in both RSCLs and RRCLs.(C)MX69 also decreases cellular viability 

through apoptosis in combination with other CD20 antibodies in both RSCLs and RRCLs. 

Single Agent MX69 Does Not Have Activity in a rituximab sensitive In Vivo Model: 

To determine if the single agent antitumor activity of MX69 in an in vivo lymphoma model we 

inoculated 20 SCID mice with Raji-luciferase at 1x106 cells via tail vein injection. Mice were 

separated into four groups; a control arm and three treatment arms with MX69 at doses of 10 
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mg/kg, 50 mg/kg and 100 mg/kg. MX69 was injected intraperitoneally after 48 hours of tumor 

inoculation for 3 consecutive days every week for 3 weeks. The median survival in control and 

100mg/kg treatment arms was 19 days and 20 days respectively. (See fig. 7) Survival was not 

difference in the three treatment arms. These results indicate that MX69 does not have any single 

agent antitumor activity in a rituximab sensitive in vivo model. 

In Vitro Synergy between MX69, Chemotherapy Drugs and Small Molecule Inhibitors: 

After MX69 showed activity against lymphoma cell lines in vitro, we investigated whether 

combining it with established treatments for B-NHL might result in synergy. We combined MX69 

with clinically relevant cytotoxic chemotherapeutic agents and FDA approved small molecule 

inhibitors in routine use for lymphoma. Following agents were used in combination with MX69 

here: 

• Chemotherapy agents: 

1) Doxorubicin 

2) Vincristine 
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3) Cytarabine 

4) Carboplatin 

5) Etoposide 

• Small molecule Inhibitors: 

1. Venetoclax 

2. Ibrutinib 

3. Ixazomib 

Combination Index (CI) values are a measure of synergy, with any value less than 1 indicating a 

synergistic interaction. In all four cell lines used (Raji, Raji4RH, RL and RL4RH) we found synergistic 

anti-tumor activity between MX69 and doxorubicin, cytarabine and ixazomib. The most robust 

synergy was observed with the combination of MX69 and Venetoclax (ABT-199). (See. Fig. 8A, 

8B, 8D and 8G). Synergistic activity was not seen combining MX69 with ibrutinib, etoposide, 

carboplatin or vincristine. (See. Fig. 8E, 8F and 8H) 
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Venetoclax as a Single Agent Shows Antitumor 

Activity in Both RSCLs And RRCLs: 

After identifying synergistic activity for the 

combination of MX69 and venetoclax, we next 

investigated the single agent efficacy of 

venetoclax on our rituximab resistant and 

sensitive cell lines. We performed cell viability 

assays at escalating doses of venetoclax (0 -

20µM) for 24, 48 and 72 hours and calculated the 

respective IC50 value for each cell line. Here in 

figure 9B, IC50 values of both RSCLs and RRCLs are 

represented after 48 hours of incubation with 

venetoclax, which range from as low as 0.3 µM in 

RL (RSCL) to 10.09 µM of venetoclax in RL4RH (RRCL). The graph shows similar results of 

sensitivity of venetoclax to cell lines. The most striking results were seen for RL cells where 

venetoclax decreased the viability at concentrations lower than 0.5µM. These results confirm the 

activity of venetoclax as a single agent in both RSCLs and RRCLs for Burkitt’s lymphoma while 

RSCLs were more sensitive to venetoclax than RRCLs in DLBCL. 

Venetoclax Induces Apoptosis in Both Sensitive and Resistant Cell Lines: 
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Both rituximab sensitive and 

resistant cell lines exposed to 

the escalating doses of 

venetoclax (ABT-199) from 

0.5µM to 10µM for 48 hours and 

then studied for apoptosis by 

adding Annexin V/sytox blue to 

the reagent and it showed that 

rituximab sensitive lymphoma cell lines showed apoptosis at lower doses than rituximab resistant 

cell lines. 

MX69 Induces Apoptosis in Both Therapy Sensitive and Resistant Cell Lines and Enhances the 

Antitumor Effect of Venetoclax: 

Our experiments suggested activity for both MX69 and Venetoclax in rituximab sensitive and 

resistant cell lines. However, at the doses used in our experiments, MX69 failed to provide any 

single agent survival benefit in mouse models. We next tested the combination of MX69 and 

venetoclax at escalating doses to evaluate whether minimum doses together they can produce 

the most effective results. Flow cytometry analysis of both RSCLs and RRCLs treated with a 

combination of MX69 (0 – 40 µM) and venetoclax (0 – 10 µM) was performed after Annexin v/ PI 

stain. The results showed that sensitive cell lines such as Raji and RL undergo apoptosis at 5 µM 

concentration of MX69 and venetoclax. Concurrently, resistant cell lines, Raji4RH and RL4RH 

show induction of apoptosis in more than 90% of cells when given a combination of MX69 and 
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venetoclax at 10µM each. (See fig. 11) These results suggest that MX69 enhances the antitumor 

activity of venetoclax. 
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CHAPTER FOUR:	 DISCUSSION AND FUTURE STUDIES 

Anti-Tumor Activity of MX69: 

MX69 exerts its anti-tumor effects by activation of the apoptotic cascade. As previously known 

and confirmed by our experiments, resistant lymphoma cell lines have higher expression of anti-

apoptotic proteins such as XIAP. This observation makes the apoptotic pathway an attractive 

target in resistant malignancies. XIAP is an alluring target in lymphomas for many reasons. First, 

XIAP is overexpressed in B-cell NHL and its expression increases in response to chemotherapy or 

immunotherapy.38,40 Second, knock down of XIAP with shRNA or a small molecule mimetic 

increases chemotherapy response on both in vitro and in vivo models of rituximab resistant 

lymphoma.41,42 Finally, XIAP knock-out is not fatal and has been shown to be relatively non-toxic 

to normal cells as demonstrated by survival studies in XIAP knockout mice.43 Thus various 

approaches have been tried to inhibit XIAP in a wide variety of solid and hematological 

malignancies through antisense oligonucleotides or small molecule inhibitors, with varying 

degrees of success.44–46 There is currently no approved therapy targeting XIAP for any cancer. 

MX69 has an added advantage of blocking MDM-2, on oncogenic protein which is also frequently 

overexpressed in cancer cells. MDM2 protein is a primary negative regulator of tumor suppressor 

protein p53.34 Due to these properties, we decided to use MX69 as the inhibitor of anti-apoptotic 

proteins in our study. 

Our results showed that MX69 is active in vitro as a single agent against a variety of resistant and 

sensitive lymphoma cell lines across a range of disease types such as DLBCL, mantle cell 

lymphoma, pre-B cell leukemia and Burkitt lymphoma. This was associated with a decrease in 
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levels of XIAP and MDM2, which is in line with the proposed mechanism of action of MX69. We 

also found increased expression of XIAP protein in resistant cell lines, Raji4RH and RL4RH, 

compared to their sensitive parent lines, Raji and RL, which corresponds to the results obtained 

in previous studies38 and reflects the importance of XIAP in conferring resistance to rituximab. 

MX69 was able to inhibit XIAP and induce apoptosis regardless of the baseline level of anti-

apoptotic proteins. However, it is notable that IC50 doses required in our experiments to result in 

anti-tumor activity of single agent MX69 were higher than those previously calculated by Gu et 

al. in their experiments on leukemia cell lines. One possible explanation for this could be the 

difference of biology between leukemia and lymphoma cells lines as well as more reliance on 

anti-apoptotic pathways in resistant lymphoma cell lines. The increased expression of XIAP in 

resistant cell lines in our experiments as well the lower IC50 values in sensitive cell lines support 

this hypothesis. 

In our experiments, MX69 did not confer any survival benefit to mice treated at doses of 10 

mg/kg/day, 50 mg/kg/day and 100 mg/kg/day. In previous studies on leukemic mice, MX69 was 

able to confer a survival advantage at a dose of 50 mg/kg/day and the benefit was maximum at 

a dose of 100 mg/kg/day.39 These results in mice further confirm our hypothesis that the anti-

cancer effect of MX69 will depend on tumor biology and its reliance on IAPs as an escape 

mechanism. 

MX69 as a Chemotherapy Re-sensitizer 

We next evaluated the effects of MX69 in re-sensitizing resistant cell lines to chemotherapeutic 

drugs and its synergy with small molecule inhibitors. In vitro, MX69 showed synergy with almost 
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all chemotherapy drugs which are commonly used in front-line treatment of B-cell lymphomas, 

thus confirming the role of XIAP in the development of resistance to chemotherapy in resistant 

lymphoma cell lines. It also showed increased ADCC when combined with CD20 inhibitors in only 

rituximab sensitive cell lines. It is well known that aggressive B-cell lymphomas, such as the one 

used in this experiment, do not respond well to single agent chemotherapy drugs and thus it 

remains to be seen how MX69 will fare when combined with chemo-immunotherapy regimens 

such as R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone). Our 

results are consistent with previous experiments performed in our lab by Dr. Runckel who found 

that blockage of XIAP through shRNA re-sensitized therapy resistant lymphoma cell lines to 

cytotoxic effects of various chemotherapy agents.38 

Synergy Between MX69 and Venetoclax 

We found synergy between MX69 and all three small molecule inhibitors used in our experiments 

(venetoclax, cytarabine and doxorubicin). All of these drugs are FDA approved for various 

hematological malignancies and are known to use immunomodulatory processes to exert their 

anti-tumor effects. The greatest synergy was seen between MX69 and BH3 mimetic, venetoclax. 

While ibrutinib affects transcription pathways through inhibition of Bruton’s tyrosine kinase 

which increases the susceptibility of cells to apoptosis, venetoclax is more closely related to the 

apoptotic pathway as it directly inhibits the anti-apoptotic protein Bcl-2 by acting as a BH3 

mimetic. This close association between the mechanism of action between the two drugs likely 

responsible for the remarkable synergy seen here. We saw significant apoptosis in both RSCLs 

and RRCLs with the combination of venetoclax and MX69 at concentrations of 10uM. Therefore, 
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this represents a valid approach that should be tested with further animal models as a strategy 

to overcome therapy resistance in aggressive lymphomas. The corresponding oral dose in animal 

models in easily tolerated for both these medications as a single agent, however, further in vivo 

experiments need to be done to assess the safety of this combination since the added benefit 

seen with the closely related mechanism of action of these two drugs may also predispose to 

added toxicities. 

Future Directions 

XIAP has shown promise as a potential target in therapy resistant lymphomas in pre-clinical 

studies. We need better characterization of the role of XIAP in the development of resistance to 

rituximab, especially in relation to tumor suppressor proteins such as p53. This will be of 

significance not only in lymphoma but other hematological as well as solid malignancies as 

defective immune surveillance as a result of abnormal tumor suppressor proteins is frequently 

cited as a cause for cancer development. 

Currently, there are many clinical trials evaluating the use of XIAP inhibitors in various cancers 

including lymphomas. Many antisense oligonucleotides and small molecule inhibitors of XIAP are 

available to be used in pre-clinical studies. Other strategies to target XIAP include the use of 

CRISPR-Cas9 and micro RNA such as miR-212. The development of safe and effective inhibitors 

of XIAP will pave way for better combinations with chemotherapy, immunotherapy and small 

molecule inhibitors in clinical trials. 

Conclusions 
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XIAP is frequently upregulated in therapy resistant lymphomas and has a potential implication in 

the development of resistance to chemo-immunotherapy in lymphomas. Activation of apoptotic 

pathway through inhibition of XIAP can be a safe and effective way to overcome resistance in 

aggressive lymphomas. MX69 has shown promising activity in pre-clinical studies, especially 

when combined with other therapies such as venetoclax. 
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