
• A system of 14 ordinary differential 

equations is used to predict the 

population of each cell type in the 

graft and lymph node (see Figure 1) 

over time.

• Immunosuppression and adoptive 

transfer are added to the model to 

investigate the impact of 

combination therapies on rejection 

time.
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Problem: The immune system recognizes an organ transplant as foreign and 

ultimately destroys it (without intervention).

Current solution and associated complications: Long-term immunosuppression 

(IS) is needed to prevent graft rejection [1]. However, IS leads to a greater risk for 

hypertension, diabetes, opportunistic infections, cancer, and tissue toxicity. 

Alternative approach: Regulatory T-cells (Tregs) down-regulate the immune 

response, and thus the adoptive transfer (AT) of Tregs is currently being 

investigated as a potential alternative or supplemental treatment for transplant 

recipients.

Can therapies combining adoptive transfer with immunosuppression 

minimize the use of immunosuppression and ensure long-term graft survival? 

● Modeling can be used to identify the ideal window of opportunity for combination treatments. 

● Increasing the frequency of adoptive transfer (i.e., administering the Tregs over a larger number of days) 

greatly reduced the amount of immunosuppression needed for graft survival. Although delivering Tregs every 

day for 200 days is not physiologically feasible, the model prediction suggests that immunologists should 

target therapies to maintain Tregs in the graft for longer periods of time, even at marginal levels (Fig. 4).

● Beginning an adoptive transfer treatment on the day of transplantation (POD0) with a low frequency has an 

adverse effect on immunosuppression, since an amount of  immunosuppression greater than the therapeutic 

level is necessary to reach therapeutic threshold (Fig. 4).  Delaying administration, increasing dose 

magnitude, and/or increasing the frequency of the AT yield outcomes for which adoptive transfer reduces the 

overall level of immunosuppression needed to reach therapeutic threshold. 

● An immunosuppression regimen that targets the maturation of APC cells, differentiation of inflammatory APC 

cells, and activation of helper T-cells is shown to enhance the effect of adoptive transfer of Tregs (Fig. 5 & 6).

● Future work will include tapered dosing strategies of immunosuppression combined with adoptive transfer.

To adapt a mathematical model of transplant-immune system dynamics to:

1. Predict the impact of a combined therapeutic strategy involving 

immunosuppression (IS) and the adoptive transfer of Tregs (AT)

2. Identify the mechanisms of the immune response to target with 

immunosuppression to promote the success of adoptive transfer
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Sample Model Equation

Compartmental Model of Immune-Transplant Dynamics
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Model Components

• Typical immunosuppression regimen, I(t), impacts 

proliferation and activation of all T cells.

• Adoptive transfer of Tregs therapy, D(t), can vary 

according to dose magnitude, frequency, and timing.

Model Implementation of Therapies
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Dosing Function:

Figure 2. Dosing rate over time for a single dose (left panel) and 

multiple doses (right panel) of AT. 

Figure 3.  Percent of graft mass predicted for no 

treatment (dark blue), baseline AT (yellow), increased 

AT frequency (light blue), increased AT dose (purple), 

or immunosuppression alone (green).  

• The model is used to predict the most important 

immune response mechanisms to target with 

immunosuppression:

• Maturation of APC cells (Amat)

• Differentiation of inflammatory APCs (Ainf)

• Activation of helper T-cells (TH act)

• Combining adoptive transfer with an IS regimen 

that targets any two of the above mechanisms 

allows graft survival at an immunosuppression 

dose of less than 50 ng/mL (Fig. 6).

Therapeutic threshold:  Graft mass 

remains within 90% of its original 

mass at 200 days

Rejection:  Graft mass falls to 25% 

of its original mass

Figure 4.  Predicted minimum dose of IS for therapeutic graft survival as AT dose frequency is 

varied.  Impact of dose timing (in post operative days (POD), left panel) and dose magnitude 

(in cells/day, right panel) are shown.  

Figure 5.  Percent of graft mass 

in the absence (solid) or 

presence (dashed) of AT.  

Various mechanisms of IS 

action are shown: TH activation 

(purple), APC maturation (light 

blue), TE proliferation (yellow) 

and differentiation of Ainf

(green).  Gain due to AT 

highlighted by vertical lines.

Figure 6.  Percent of graft 

mass remaining at POD 200 

in the presence of AT as IS 

dose is varied.  

Combinations of APC 

maturation (Amat), TH

activation (TH act), and 

inflammatory APC 

differentiation (Ainf), see 

yellow, red, and blue curves, 

are compared with normal IS 

(purple).

Figure 1.  Schematic depicting the 

interactions of all model components in the 

representative lymph node and graft 

compartments [2].
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• Sustaining Tregs in the graft 

can drastically decrease the 

minimum constant IS dose 

necessary for graft survival.

• An increased dose magnitude 

of AT in combination with 

increased dose frequency 

reduces the overall constant IS 

dose needed for survival.  

• Administering Tregs too early 

(blue curve, POD0, left panel) 

yields a worse outcome than 

the absence of adoptive 

transfer

• With no intervention, rejection of the 

graft occurs ~POD12 (No Treatment)

• A constant dose of IS (178 ng/mL) is 

needed to achieve therapeutic 

threshold (Therapeutic IS)

• Adoptive Transfer can delay rejection 

time, but therapeutic graft survival is 

not possible without 

immunosuppression.


