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Introduction

One of the most promising immune therapies is dendritic cell
(DC) treatment. DCs have been shown to both inhibit the growth
of and provide a memory response to tumors. Ludewig et al.’s 2
compartment model of DC trafficking in mice combines careful
laboratory work with mathematical modeling. In this work, we
improve Ludewig et al.’s model to include a tumor compartment.

Objectives
e Extend Ludewig et al.’s model to include a tumor compartment
e Fit parameters to data collected in experiments on tumor growth

in the presence of varying levels of DC injections
e Explore the importance of the effect of parameters on the tumor
population

Background

Dendritic cells (DCs) are part of the adaptive immune response

and function as antigen-presenting cells.

A Dendritic Cell ,
Upon encountering pathogen, DCs travel to

the lymphoid organs where they stimulate
differentiation and maturation of cytotoxic T
lymphocytes (CTLs). These activated CTLs
then traffic to the infected tissue to form part
of the adaptive immune response.

The model consists of 11 delay-ditferential equations. The fol-
lowing equations were modified or added to Ludewig et al.’s
model.
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Equation (??) is modified to include an immune response term
while equations (??) and (??) are new additions to the model.
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Parameter determination

Parameters were fit to data from Lee et al.l. 1,7, or 21 DCs (x 10°)
were injected at days 6, 8, and 10 after tumor inoculation.

Full Model Prediction vs. Data for 21e5 DC Injection
1200 ¢ 200

Residuals for 21ed DC Injection
[ ] H

5 0 5 0 5 0 % s 0 5 10 5 20 %
Time {(days) Time in Days

—

iy

=
T

1000 -

—
=
=

m
=
T

Tumor Volume (mma)

L

=

=
1

—
m
=

Residual in terms of volume mm3

Sensitivity and Bifurcation Analysis

Sensitivity analysis using Partially Ranked Correlation Coetfi-
cients (PRCC) show 7, tumor growth rate, and d, CTL kill rate,
significantly affect the tumor size at day 26. A biturcation analy-
sis shows that our parameter set is in the two-equilibria regime;
thus, any combination of DC therapy and initial

conditions will still lead to
the high tumor equilibrium.
To completely reject tumor,
other parameters must be
changed by combination
therapy or environmental
differences.

Treatment Simulations

Although tumor populations always reached carrying capac-
ity, treatment schedules with more DC injections slowed tumor
growth more than other schedules.
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Treat-

ment simulations with 1 injection and 10 injections and a total
of 3x10° DCs

Combining the correct injection sched-
ule with an altered parameter set that

e adds a third, low-tumor equilbrium to
the system, can clear the tumor com-
pletely.

* include regulatory T cells in the model

e differentiate etfector cell populations into natural killer cells
and CTL populations

* search for more complete data to create a more accurate model

e validate model against other mouse and human data
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