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Scientific Abstract 
 
Follicular lymphoma (FL) is an indolent disease, but has a heterogeneous clinical course. Patients frequently 
respond to a variety of therapies, but most relapse from successive regimens with an increasing chance of 
histologic transformation and current therapeutic approaches are therefore not considered to be curative. In 
contrast, autologous hematopoietic stem cell transplantation (ASCT) has been shown to induce very durable 
remissions and may be curative in a subset of patients. The efficacy of ASCT is partially linked to the ability of 
transplanted stem cells to spawn a graft-versus-tumor immune response. However, there is currently no method 
for predicting the development this response or the long-term outcome of patients following ASCT. A method for 
predicting outcome to this therapy would be useful for targeting it towards patients that are most likely to benefit 
or in highlight patients at high-risk of early progression that may benefit from additional therapy.  
 
We recently identified CREBBP mutations as an early event in FL that reduces antigen presentation on MHC 
class II and perturbs T-cell activity and frequency. These mutations are therefore an immune evasion 
mechanism, and were found to exist within tumor cell progenitors that propagate disease relapse. This adds to 
prior descriptions of immune response as being important determinants for FL tumor biology and patient 
outcome. We hypothesize that molecular mechanisms of immune evasion will be associated with the 
effectiveness of the graft-versus-tumor response following ASCT. We propose to investigate this by interrogating 
the genomes and transcriptomes of FL tumors from patients who received ASCT and have long-term follow-up 
so as to identify mutational or transcriptional signatures that are associated with survival. This may yield 
molecular biomarkers that can be employed to predict the outcome of patients receiving ASCT and identify those 
with the greatest chance of a cure using this treatment.  
 
 
Lay Abstract 
 
Follicular lymphoma (FL) is named for its histologic appearance, in which the malignant B-cells reside within 
follicles that maintain features of those in normal lymphoid tissues. These tumors maintain a large number of T-
cells in the regions surrounding the follicles and, to a lesser extent, infiltrating into the follicles. Interactions 
between the malignant B-cells and the tumor-infiltrating T-cells are therefore an important determinant of disease 
biology. In line with this, malignant B-cells develop multiple mechanisms for evading anti-tumor immunity, and 
gene expression signatures of immune response are associated with patient outcome. However, despite the 
importance of tumor immunology in FL, conventional therapies for this disease rely predominantly on 
combination chemotherapy and the anti-CD20 antibody Rituximab. These approaches are not considered to be 
curative, and patients often relapse from successive regimens with a progressively increased chance of 
transformation to a more aggressive form of lymphoma. 
 
Autologous hematopoietic stem cell transplantation (ASCT) is a maneuver in which stem cells are harvested 
from the patient, stored during induction chemotherapy, and then transplanted back into the patient. These 
transplanted stem cells can then give rise to immune cells that produce an anti-tumor immune response referred 
to as a graft-versus-tumor effect. This approach can induce durable remissions and potentially cure some 
patients with FL, while others have early disease progression. However, little is known about the molecular 
mechanisms that underlie these heterogeneous outcomes. We hypothesize that molecular mechanisms of 
perturbed anti-tumor immunity underlie the heterogeneity of graft-versus-tumor effects and patient outcomes 
following ASCT. We aim to investigate this using a retrospective cohort of FL tumors from patients that have 
received ASCT so as to characterize molecular signatures associated with short/long progression free survival. 
This may yield predictive biomarkers that can identify patients that are most likely to benefit from this treatment 
and have the greatest chance of cure.  
 
 
 
 



DESCRIPTION OF PROPOSED RESEARCH 
 
Rationale 
 
Follicular lymphoma (FL) is a common indolent B-cell malignancy with a unique tumor microenvironment that 
often consists of >40% T-cells. The interactions between malignant FL B-cells and non-malignant immune cells 
within the tumor microenvironment therefore play an important role in disease biology. We and others have 
defined molecular characteristics of FL tumors that are associated with immune evasion and outcome following 
combination chemotherapy1, 2. However, the association of these molecular characteristics with outcome 
following alternative treatment regimens has not been defined.  
 
Autologous stem cell transplantation (ASCT) following high-dose chemotherapy is the only potentially-curative 
treatment for FL and approximately 35% of patients have progression-free survival >10 years. However, this 
treatment is also associated with a low but significant rate of treatment-associated mortality. We therefore 
suggest that this approach would be best employed in a personalized manner using molecular biomarkers to 
target it only towards the patients that are most likely to benefit. We hypothesize that the molecular characteristics 
of FL tumors that are associated altered tumor immunity will dictate the effectiveness of graft-versus-tumor 
immune responses that are generated by ASCT. These may therefore predict outcome following ASCT and be 
used as predictive biomarkers to identify patients that are most likely to benefit from this treatment. We propose 
to identify these factors using molecular profiling of tumors from a cohort of FL patients with long-term clinical 
follow-up and diverse outcomes following ASCT. We will accomplish this through the completion of the following 
specific aims:  
 
Specific Aim 1: To define transcriptional signatures that are associated with outcome following ASCT in FL. We 
will use RNA-sequencing to interrogate the transcriptomes of 80 tumors from FL patients that were subsequently 
treated with ASCT. This will be used to investigate the relationship between previously defined prognostic 
immune response signatures and progression-free survival following ASCT, as well as to identify novel 
signatures that are associated with outcome in these patients. We hypothesize that transcriptional signatures 
that are associated with T-cell function and immune response will be significantly different between patients with 
early disease progression compared to patients with long-term remission. 
 
Specific Aim 2: To identify somatic mutations that are associated with outcome following ASCT in FL. We will 
use targeted sequencing to interrogate the genomes of 80 tumors from FL patients that were subsequently 
treated with ASCT. By high-depth sequencing of 380 genes that are recurrently mutated in lymphoma, we will 
identify mutations within single genes and pathways that are associated with inferior or superior progression-
free survival following ASCT. We hypothesize that the presence of CREBBP mutations, which drives immune 
evasion in FL tumor cell progenitors2, will be associated with early progression following ASCT in FL.  
 
 
By achieving the aims of this study we hypothesize that we will elucidate molecular biomarkers that are predictive 
of outcome following ASCT in FL and can identify patients with a significantly higher chance of cure. This would 
provide preliminary data for an expanded multi-center study with validation cohorts from MD Anderson Cancer 
Center (Collaborator, Prof. Michael Wang), Stanford University (Collaborator, Prof. Ron Levy), and Mount Sinai 
Medical Center (Collaborator, A. Prof. Josh Brody), which will be the subject of an R01 grant application that will 
be submitted to the Biomarker Study Section of the National Cancer Institute. In addition, validated signatures 
may be employed within an investigator-initiated clinical trial at the University of Nebraska Medical Center 
(Collaborators, Prof. Julie Vose and A. Prof. Matt Lunning) that will utilize molecular biomarkers to target this 
treatment regimen only to those patients that are likely to have good outcomes, and thereby potentially increase 
the cure-rates of ASCT in FL. 
 
 
 
 
 
 
 



Background and Significance 
 
Follicular lymphomas (FL) are tumors that resemble an abundance of lymphoid follicles containing malignant B-
cells that are surrounded by large numbers of tumor-infiltrating T-cells and other immune cells. Within this 
microenvironment, the malignant FL B-cells exist in a delicate balance between benefiting from the pro-survival 
signals provided by T-cells, and being eradicated by anti-tumor immune responses. The immune characteristics 
of the tumor microenvironment of FL are therefore important for disease biology2, and have been associate with 
patient outcome1.  
 
The treatment for FL varies depending on its stage and other clinical factors. Although these tumors frequently 
respond to a variety of therapies, most patients relapse after sequential regimens and have cumulatively 
increased risk of eventual histological transformation to a higher grade of malignancy3. These relapses are linked 
by a common progenitor that bears only a subset of the mutations found within the tumor that presents clinically4. 
Inability to cure this disease may therefore be linked to the failure of current therapies to clear these early tumor 
cell progenitors. The therapy that has shown the greatest promise for achieving a cure in FL patients involves 
the combination of high-dose chemotherapy and autologous stem cell transplantation (ASCT). Although stem 
cell transplantation is designed to reconstitute the immune system following its ablation by high-dose therapy, 
transplanted stem cells can also spawn a graft-versus-tumor immune response5-7. This response may therefore 
eradicate tumor cell progenitors that remain after chemotherapy and could otherwise propagate disease relapse. 
First-line treatment of FL patients with ASCT was found to significantly extend progression-free survival, but not 
overall survival8-10. With the introduction of rituximab-containing chemotherapeutic regimens that can achieve 
prolonged remissions with lower toxicity, ASCT is not commonly used as first-line therapy but still maintains its 
ability to induce long-lasting remissions in relapsed FL10-12. However, this approach becomes less effective in 
patients that have received multiple chemotherapeutic regimens10, 13. ASCT may therefore be best utilized as a 
salvage regimen for patients that are refractory to, or have an early progression from first-line therapy and a poor 
prognosis14. Importantly, long-term follow-up of patients treated with ASCT shows that there is a plateau in the 
survival curve, indicating that this treatment regimen can potentially cure a subset of patients8. We have also 
observed this among patients treated at the University of Nebraska Medical Center (UNMC). The outcomes of 
FL patients treated with ASCT at UNMC were heterogeneous and ~35% of patients showed disease progression 
within the first 2 years following ASCT (Fig. 1, red). However, an additional ~35% of patients with follow-up >10 
years showed no disease progression, resulting in a plateau in the curve and suggesting that some of these 
patients may be cured of their disease (Fig. 1, green).  
 
Despite the curative potential of ASCT, the heterogeneity in patient outcomes following this treatment clearly 
indicate that some patients benefit much more than others. In addition, treatment-related complications and 
mortality make this a high-risk therapeutic regimen. Therefore, one or both of the following likely needs to be 
achieved in order for ASCT to be adopted into routine clinical practice and provide patients with the chance of a 
cure; (i) ASCT should be targeted only to those patients that are 
most likely to achieve long-term remission or cure; (ii) the 
outcomes of patients that are likely to have early disease 
progression should be improved by additional consolidative 
therapy. To achieve this, we must be able to discriminate 
between these two groups of low-risk and high-risk patients. 
Clinical variables, such as the FL international prognostic index 
(FLIPI) 13, and the response to high-dose chemotherapy have 
been associated with outcome following ASCT9, 13, 15. However, 
the molecular determinants of outcome have not been 
investigated. We hypothesize that molecular mechanisms of 
immune evasion in FL hamper the graft-versus-tumor immune 
response associated with ASCT. The presence of these factors 
may therefore be predictive of high-risk patients that will have 
early disease progression. In contrast, we postulate that the 
absence of these features may be predictive of low-risk patients 
that will achieve a long-lasting remission or cure from FL 
following ASCT.  
 



Preliminary Data 
 
The molecular features of FL have not been as extensively characterized as other B-cell malignancies such as 
diffuse large B-cell lymphoma or chronic lymphocytic leukemia. The most comprehensive gene expression 
profiling study to date confirmed the importance of the FL tumor microenvironment by showing that signatures 
of immune response were associated with the overall survival of patients treated with chemotherapy1. These 
signatures appeared to originate from T-cells or monocytes, and predicted good prognosis or poor prognosis in 
patients treated with combination chemotherapy, respectively 1. However, the factors driving differences in these 
signatures remain to be identified, and their association with patient outcome has not been investigated in the 
setting of alternative treatment strategies. 
 
We and others have characterized the landscape of somatic mutations in FL and found mutations in chromatin 
modifying genes to be a hallmark of this disease2, 16. We have recently expanded upon these observations by 
defining the hierarchy and associated phenotypes of somatic mutations arising during the genomic evolution of 
FL2. By constructing phylogenies from diagnosis and relapse tumors of 22 patients, we found that disease 
progression was propagated by tumor cell precursors that possess only a subset of the mutations found in the 
fully evolved clones. An example is shown in Fig. 2, wherein 4 tumors obtained from the same patient over a 
period of ~10 years and through multiple treatments were analyzed. Using our approach we are able to infer 
evolutionary precursors, including the earliest inferable precursor (EIP) that is common to all tumors. By 
analyzing the mutations found in the EIP across all patients we found a significant enrichment of mutations within 
a single chromatin modifying gene, CREBBP. The only genetic event that was more commonly found in the EIPs 
of serial FL tumors was translocation of BCL2. Mutations in CREBBP, which are found in 66% of FL patients, 
are therefore an early genetic event residing within tumor cell progenitors that propagate disease relapse.  
 

 
 
To gain insight into the functional consequences of CREBBP mutations we interrogated matched transcriptome 
data from purified FL B-cells (Fig. 3a). Among genes with significantly decreased expression in CREBBP mutant 
tumors, we found a highly significant enrichment of genes with a role in antigen presentation on MHC class II 
(FDR<0.001). We validated this observation by flow cytometric analysis of 14 primary diagnostic tumor 



specimens (5 CREBBP wild-type, 9 CREBBP mutant). This revealed an average 8-fold decrease of MHC class 
II (HLA-DR) on the surface of tumor B-cells compared to non-tumor B-cells within the same microenvironment 
in tumors with CREBBP mutation, but no decrease in tumors with wild-type CREBBP (For example, Fig. 3c). By 
sorting these tumor B-cell and non-malignant tumor-infiltrating B-cell subsets and co-culturing them with healthy 
CD4 helper T-cells in a modified mixed-lymphocyte reaction, we showed that this decrease in MHC class II 
expression was also associated with decreased ability to activate the proliferation of CD4 helper T-cells (Fig. 3b-
e). In addition, we enumerated the frequencies of tumor infiltrating immune cell subsets in a large cohort of 
primary FL tumors and found CREBBP inactivation to be associated with reduced frequencies of CD4+ helper 
T-cells and CD8+CD45RO+ memory cytotoxic T-cells.  
 
Together these results show that CREBBP mutation is an early event that resides within FL tumor cell progenitors 
that propagate disease relapse, and is maintained throughout the course of the disease. These mutations 
function by promoting immune evasion via decreased antigen presentation, resulting in decreased T-cell 
stimulation and reduced T-cell frequencies within FL tumors. This therefore supports a role for immune evasion 
by FL tumor cell progenitors in the progression of this disease. We hypothesize that CREBBP mutation-
associated immune evasion and other perturbations in tumor immunity, such as those reflected by immune 
response signatures, also play a role in progression following ASCT due to their association with suppressed 
graft-versus-tumor effects. These factors, as well as other factors associated with poor chemotherapeutic 
response or immune evasion, may therefore act as biomarkers that are predictive of outcome following this 
therapeutic regimen. 

 
 

Research Design and Methods 
 
Overview: We will employ fresh/frozen tumor specimens from a cohort of 80 FL patients that went on to receive 
ASCT and have long-term clinical follow-up data and heterogeneous outcomes. These specimens will be used 
to isolate RNA and DNA that will be employed for transcriptional and genomic profiling using next-generation 
sequencing technology, respectively. These data will be used to assess known molecular signatures of immune 
evasion, such as FL immune response signatures1 and CREBBP mutation2, as well as to define novel signatures 
that are associated with progression-free survival in this cohort.  
 
Patient Samples: We have identified and located fresh/frozen or formalin-fixed paraffin-embedded (FFPE) tumor 
samples in the University of Nebraska Lymphoma Study Group Tissue Bank from 143 patients that were treated 
with ASCT (outcomes shown in Figure 1) and have provided informed consent for scientific studies. Of these, 
we will employ a subset of 80 patients that have fresh/frozen biopsies available so as to ensure the highest 
quality RNA and DNA. These nucleic acids will be obtained from homogenized samples using the Qiagen AllPrep 
kit, as we have performed previously16, and their integrity analyzed using an Agilent TapeStation. For all patients, 
progression-free and overall survival time are available for survival analysis along with additional detailed clinical 
data for multivariate analysis of transcriptional signatures and somatic mutations. 
 
RNA Sequencing: RNA sequencing libraries will be prepared using the Kapa Biosystems Stranded RNA-seq 
with RiboErase kit and Illumina TruSeq adaptors and barcodes. Libraries will be 4-plexed and sequenced on an 
Illumina 2500 instrument in rapid-run mode. We expect the output per lane to be 9.3 giga-base-pairs, allowing 
us to acquire >11.6 million 1x50bp reads per sample, which is in excess of that required for gene expression 
profiling. Data will be analyzed using our in-house analytical pipeline that employs the Tuxedo suite of tools, to 
produce transcript-level expression values (reads per kilobase mapped). Previously described immune response 
signatures1 and CREBBP mutation signatures2 will be analyzed independently. To identify novel signatures 
associated with outcome, we will use the Prediction Analysis for Microarrays (PAM) tool, which employs 
supervised principal components method17 to measure associations between survival and transcriptional 
signatures using Cox regression.  
 
Targeted DNA Sequencing: Next-generation sequencing libraries will be prepared using Kapa Biosystems 
Library Preparation kits and Illumina TruSeq adaptors and barcodes. We will target 380 genes encompassed all 
genes mutated >2% of lymphoma samples reported in recent exome sequencing and whole genome sequencing 
studies. Importantly, this includes genes with mutations that have been previously found in >2% of FL tumors, 
and thereby allows a more cost-effective approach for interrogating recurrently mutated genes in this disease. 



Samples will be 12-plexed, and these genes will be enriched from genome libraries by hybrid capture using 
Nimblegen SeqCap reagents. Each multiplexed enrichment will be sequenced on an Illumina 2500 instrument 
in high-output mode. Based upon prior runs, we anticipate an average depth of coverage >500X per sample over 
the targeted region. We will analyze these data using an in-house next generation sequencing pipeline. We have 
utilized this described this approach for targeted sequencing of FL tumors recently2. Mutations present at allele 
fractions ≥10% and recurrent in at least 5% of tumors will be dichotomized as categorical variables and 
interrogated for association with progression free survival using a Cox proportional-hazards model. Obtained p-
values will be corrected for multiple hypothesis testing using a Benjamini-Hochberg correction, and genes with 
an FDR-corrected p-value <0.25 considered to be statistically significant.  
 
Potential Pitfalls and Suggested Solutions. 
We anticipate that our sample size will provide us with a sufficient dataset to identify associations between gene 
signatures or gene mutations and progression-free survival in this cohort. However, it is possible that genes only 
have minor contributions to prognosis when considered individually and that the alteration of cellular pathways 
as a whole have more significant associations with outcome. If we fail to identify robust associations between 
single gene signatures/mutations and progression-free survival, we will therefore employ hypergeometric gene 
set enrichment analysis using ToppGene suite18 to identify significantly perturbed cellular pathways. Alterations 
within these pathways will be considered together as variables for analysis of progression-free survival. 
 
 
Statement of Cancer Relevance. 
 
Follicular lymphoma (FL) is the second most common form of non-Hodgkin’s lymphoma, and accounts for 
approximately 15,000 new diagnoses per year in the USA. This study will characterize molecular characteristics 
in this disease using primary tumor samples, and identify their associations with outcome following the only 
potentially-curative treatment regimen.  
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infiltrating follicular lymphoma tumors from peripheral T cells. Blood 2013;121:1367-1376 (PMID: 
23297127) 

9. Green M, Rodig S, Juszczynski P, Sinha P, Ouyang J, O’Donnell E, Neuberg D, Shipp M. Constitutive AP-
1 activity and EBV infection induce PD-L1 in Hodgkin lymphomas and post-transplant lymphoproliferative 
disorders: implications for targeted therapy. Clin. Cancer Res. 2012;18:1611-1618 (PMID: 22271878) 

10. Caro P, Kishan A, Norberg E, Stanley I, Chapuy B, Ficarro S, Polak K, Tondera D, Gounarides J, Ying H, 
Zhou F, Green M, Chen L, Monti S, Marto J, Shipp M, Daniel N. Metabolic signatures uncover distinct 
targets in molecular subsets of diffuse large B-cell lymphoma. Cancer Cell 2012;22:547-560 (PMID: 
23079663) 

11. Green M, Camilleri E, Gandhi M, Peake J, Griffiths L. A novel immunodeficiency disorder characterised by 
genetic amplification of interleukin 25. Genes Immun. 2011;12:663-666 (PMID: 21776014) 

12. Green M, Monti S, Dalla-Favera R, Pasqualucci L, Walsh N, Schmidt-Supprian M, Kutok J, Rodig S, 
Neuberg D, Rajewsky K, Golub T, Alt F Shipp M, Manis J. Signatures of murine B-cell development 
implicate Yy1 as a regulator of the germinal center-specific program. Proc. Natl. Acad. Sci. USA 
2011;108:2873-2878 (PMID: 21282644) [Faculty of 1000 recommended article] 

13. Green M, Aya-Bonilla C, Gandhi M, Lea R, Wellwood J, Wood P, Marlton P, Griffiths L. Integrative 
genomic profiling reveals conserved mechanisms of tumorigenesis in common entities of non-Hodgkin’s 
lymphoma. Genes Chrom. Cancer 2011;50:313-326 (PMID: 21305641) 
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14. Ouyang J, Juszczynski P*, Rodig S*, Green M*, O’Donnell E, Currie T, Armant M, Takeyama K, Monti S, 
Rabinovich G, Ritz J, Kutok J, Shipp M. Viral induction and targeted inhibition of galectin-1 in EBV+ 
lymphoproliferative disorders. Blood 2011;117:4315-4322 (*Equally contributed, PMID: 21300977) 

15. Green M, Monti S, Rodig S, Juszczynski P, Currie T, O’Donnell E, Chapuy B, Takeyama K, Neuberg D, 
Golub T, Kutok J, Shipp M. Integrative analysis reveals selective 9p24.1 amplification, increased PD-1 
ligand expression, and further induction via JAK2 in nodular sclerosing Hodgkin lymphoma and primary 
mediastinal large B-cell lymphoma. Blood 2010;116:3268-3277 (PMID: 20628145) 

D. Research Support 

Active 
2016-16 (Green)             2015-2016     0.6 calendar months 
Nebraska Department of Health and Human Services (LB506)       $50,000.00 direct cost 
Transcription factor alterations in aggressive lymphoma. 
The major goals of this project are to assess the contribution of TCF4 and SPIB genomic amplification to 
deregulated B-cell receptor signaling in diffuse large B-cell lymphoma 
 
2015 (Green)             2015-2016     0.6 calendar months 
James O. Armitage Center for Leukemia and Lymphoma Research (Pilot grant) $50,000.00 direct cost 
Therapeutic targeting of CREBBP-mutant B-cells. 
The major goal of this project is to perform high-throughput screening of CRISPR-modified cell lines with or 
without CREBBP mutation to identify synthetically lethal compounds that can be used as potential therapies. 
 
Pending 
Pending (Green)            2016-      1.2 calendar months 
Lymphoma Research Foundation (FL Pathways Grant)         $360,000.00 direct cost 
Mutation of chromatin modifiers in the evolution and transformation of follicular lymphoma. 
The major goals of this project are to define the role of combinatorial mutations in chromatin modifying genes 
in the development and progression of follicular lymphoma. 
 
Pending (Green)            2016-      1.2 calendar months 
Otis Glebe Medical Research Foundation            $90,000.00 direct cost 
Non-invasive cancer genotyping and disease monitoring in non-Hodgkin’s lymphoma. 
The major goals of this project are to develop cell-free DNA sequencing for non-invasive tumor genotyping and 
monitoring of molecular residual disease from the cell-free DNA of non-Hodgkin’s lymphoma patients. 
 
Overlap 
There is no overlap between active or pending grants and this proposal. 



BUDGET:  Green, Michael R.  
 

Category Cost 
Personnel 
Michael Green, Ph.D., Principal Investigator, 5% effort  (no salary requested) 
 
Dalia Moore, M.S., Research Technologist I, 10% effort 

 
       -0- 
 
  $  4,597 

Materials and Supplies 
 
DNA/RNA Extraction 
Library Preparation and Hybrid Capture 
Library Quantitation and QC 
Consumables 

 
 
  $  8,000 
  $12,400 
  $  1,600 
  $  3,903 

Equipment  

Travel  

Other Direct Costs 
 
Genomics Core (NGS) 

 
 
  $19,500 

Total Cost   $50,000 



BUDGET JUSTIFICATION: 
 
Personnel: 
 
Michael Green, Ph.D., Principal Investigator (no salary requested) 
Dr. Green will devote 5% effort of a 1.0 FTE appointment with the University of Nebraska Medical Center 
toward the goals of this project.  Dr. Green will oversee and supervise all aspects of the project and will 
participate in the conduct, analysis, and reporting of results obtained in all specific aims. 
 
Dalia Moore, M.S., Research Technologist I, will devote 10% effort of a 1.0 FTE appointment with the 
University of Nebraska Medical Center toward the goals of this project.  Ms. Moore will assist Dr. Green and 
will perform the experimental procedures described in this proposal. 
 
Supplies: 
DNA/RNA Extraction    $  8,000 
Library Preparation and Hybrid Capture $12,400 
Library Quantitation and QC   $  1,600 
Consumables     $  3,903 
 Total Supplies    $25,903 
 
Other Direct Costs: 
Genomics Core (NGS)   $19,500 
 Total Other Direct Costs  $19,500 
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