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Know what’s weird? Day by day nothing seems to change, but pretty soon, everything is

different.

Calvin, Calvin and Hobbes, November 4, 1995, when � was 45 days old
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SUMMARY

Multiple myeloma (MM), a cancer of bone marrow-resident plasma cells, is the 2nd-

most common hematological malignancy. However, despite the advent of immunotherapies

like chimeric antigen receptor (CAR)-T cells, which gained FDA approval in March 2021,

relapse is nearly universally inevitable. The bone marrow (BM) microenvironment in�u-

ences how MM cells survive, proliferate, and interact with stromal cells and how treatment

resistance and relapses arise; yet it is unclear which BM niches (endosteal, central marrow,

and perivascular) interact with MM and how various cells of the BM give rise to MM phe-

notypes and pathophysiology. Therefore, it is important to recapitulate each niche in any

in vitro MM model. The overall hypothesis of the proposed work is that a 3D, multi-niche,

microvascularized culture system will accurately model primary MM behavior and allow

us to study MM interactions with stromal cells in the BM as well as model the responses to

therapeutic cells. To that end, a microphysiologic, microvascularized model of human MM

is proposed to enable the introduction of various agents in order to study MM's response to

external stimuli. The overall objective is to investigate the heterogeneity within and among

MM samples and create a physiologically relevant model of MM that accurately models

the behavior of adoptively-transferred CAR-T cells. We shall do this in 2 speci�c aims:

1) Create and characterize a microvascularized, microphysiological human bone marrow

model to recapitulate the tumor microenvironment of multiple myeloma. 2) Study CAR-T

cell interactions, migration, and survival with primary and cell line-based MM within the

model. If successful, the proposed work could be used to study the role of the BM mi-

croenvironment in multiple myeloma survival and therapeutic evasion and may eventually

be used to better-inform the rational design of next-generation MM therapeutics.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Multiple myeloma (MM) is a cancer of the plasma cells in the bone marrow, and it is the

2nd-most common hematological malignancy[1, 2]. There is a large degree of genetic het-

erogeneity, with several hallmark mutations that have been shown to correlate with poorer

prognosis [1]. Despite many advances in MM therapeutics, the relapse rate for MM is

still about 40-50%, mostly due to drug resistance[1, 2]. Ultimately, there is no permanent

cure for MM, and many therapeutic interventions focus on supportive care[3]. The bone

marrow microenvironment is known to play a role in MM cell survival and resistance to

therapeutics. The spatially-distinct endosteal, central marrow, and perivascular niches of

the BM each play a role in MM cell survival, proliferation, and treatment resistance, so

it is important to recapitulate each niche in any MMin vitro model. Some groups have

modeled the BM microenvironment before, but many do not recapitulate the BM's multi-

ple spatially-distinct niches, and others rely on animal implantation for full effect[4, 5, 6,

7, 8]. Therefore, it is important to create a system to model the MM microenvironment

that includes relevant stromal cells that support MMin vivo . If this work is successful,

it would be possible to better-understand MM's biological interactions within its tumor

microenvironment, which may lead to the better rational design of MM therapeutics like

CAR-T cells.

1.2 Hypothesis

The overall hypothesis of the proposed work was that a 3D culture system will more accu-

rately model primary MM behavior and response to therapeutic cellsin vivo , as compared

1



to conventional 2D coculture assays. Furthermore, a micro�uidic design was proposed to

enable the introduction of various agents via pressure-driven �ow in order to study MM's

response to external stimuli on a smaller scale. Therefore, the overall objective was to

investigate the heterogeneity within and among MM samples and create a physiologically

relevant micro�uidic model of MM that accurately modeled the behavior of adoptively-

transferred CAR-T cells.

1.3 Speci�c Aims

Aim 1: Create and characterize a microvascularized, microphysiological human bone

marrow model to recapitulate the tumor microenvironment of multiple myeloma. The

Roy lab has previously created a model of human bone marrow on-a-chip (hBM-on-a-chip).

In this aim, we incorporated both cell-line based and primary human multiple myeloma

into that model in order to study tumor:stroma interactionsin vitro . Then, we utilized a

multitude of techniques to measure the interactions of MM cells with the tumor microen-

vironment.

Aim 2: Study the interaction of CAR-T cell subsets with the MM model. Recent

studies by various groups have indicated that speci�c subpopulations of CAR-T cells have

more potent anti-tumor activities, such as memory and stem-like CD8+ T cells[9]. In order

to study the effects of different T cell subpopulationsin vitro, we manufactured CAR-T

cells, both from healthy donors and MM patients. We then studied the phenotypic changes

of the T cells pre- and post-implantation, including memory and effector population differ-

entiation, degranulation and cytokine release, and stromal cell interactions.

1.4 Outline

This, the introduction, has been Chapter 1. In the next chapter (Chapter 2), we will provide

additional background on the current state of multiple myeloma; speci�cally, its treatments,

in vitro recapitulation, and how the work in this dissertation moves the �eld forward. In

2
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