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• Why?

The immune system is too complicated to
proceed in the usual one-variable-at-a-
time manner

$$ alone won't result in success









• Why not?

Systems biology has not been very impactful   
in the past 



Limitations of many systems biology 
studies

• Global-
Trying to understand full system interactions by
modeling publically available datasets

• Anti reductionist

• Not focused on translational objectives







Translational Research

• Not just making a biological measurement on 
a patient



Lee Nadler

• “A translational researcher is someone who 
takes something from basic research to a 
patient and measures an endpoint in a 
patient.”



GW Sledge
JNCI 2004

• “Translational research – that precarious bridge between the 
laboratory and the clinic – is, in Shakespeare’s words, a 
‘custom more honored in the breach than in the observance’.”

• “Preclinical studies and metastatic phase II trials rarely lead to 
anything useful for patients: they are wasteful in a profound 
and disturbing sense, far beyond the inherent messiness of 
science. I suspect this reflects an inherent lack of vision on the 
part of both laboratory and clinical researchers. Designing a 
sequential series of experiments, both laboratory and clinical, 
that lead intentionally to proof-of-concept adjuvant trials is all 
too rare.”



It’s not uni-directional

• For most, translational medicine describes a 
uni-directional effort to test in humans novel 
therapeutic strategies developed through 
experimentation.

• This would suffice if experimental models 
were representative of human pathology.

• Translational medicine is a two-way street



It takes a trans-disciplinary team

– Laboratory-based investigators
• Pre-clinical target validation

• Assessment of biologic markers in situ

• Measurement of surrogate endpoints

– Clinical investigators
• Plan and investigate the experiments

• Medical oncologists, surgeons, radiologists, pathologists, 
molecular pathologists, statisticians, research nurses, data 
managers



• Sharing results is not deep collaboration



Translational Research in the Pharmaceutical Industry
D. O’Connell and David Roblin 

• “Communication between basic and clinical scientists is rare 
and sporadic… 

• Translational drug investigators need to draw on the expertise 
of various discovery, preclinical safety and clinical groups. To 
that end, it is crucial in drug development to have dedicated 
translational groups to implement translational research 
strategy at the therapeutic and project levels.

• Sustaining a vigorous rate of transfer of basic findings into 
clinical application requires a stable and well trained cadre of 
‘translational’ drug investigators to patrol the borders of the 
basic-clinical interface.”



If it’s the atomic bomb you want, start 
recruiting for the Manhattan Project. But 
if it’s atomic theory you’re after, look for 

the lone thinker who comes up with 
e=mc2

Gerald Weissmann, FASEB Journal 
19:1761, 2005



• We need both
– The bomb would not have been developed without a Manhattan 

product oriented project
– The current level of mortality and suffering from cancer creates an 

urgent need for greater progress
– Are there translational opportunities for which the importance and 

chance of success are sufficiently great to warrant greater focus and 
prioritization than the current NIH approach provides?  

• Successful translational research has usually been based on 
incomplete understanding of biological mechanisms
– We probably do not fully understand the pathogenesis of any human 

cancer but partial understanding has been sufficient for some 
successes
• ER, BCR-ABL, HER2, VEGF 



Moving Forward

• Deep collaborations driven by important 
patient needs and key translational 
opportunities

– Focus on specific goals, not infrastructure

– Establishing the tight partnerships, resources and 
management support needed to pursue the goals

– Critical assessment of progress



Systems Immunology Approach for      
Improving T Cell Cancer Therapy



• Cells
– Tumor cells
– Immune cells

• Dendritic cells
• CD8 T cells
• CD4 T cells
• Regulatory T cells

– Stromal cells

• Cytokines



• Cell states
– Tumor cells

• MHC expression

• Neo-antigen repertoire

• ϒ-IFN pathway status

– CD8 T cells
• Location

• Maturity

• CD25 signaling

• CTLA signaling

• PD1 signaling



• Interactions and changes of cell state
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monocytes, DCs and stromal cells. It is also possible that 

co-stimulatory signals that augment those provided by 

IL-15 are transmitted between the two cells during the 

cell–cell trans-presentation process.

In summary, several factors contribute to the distinct 

functions of IL-2 and IL-15, including distinct tissue dis-

tributions for the receptor a-subunits, different receptor 

signalling pathways and, in particular, distinct modes of 

action of the two cytokines.

Implicat ions of dist inct  IL-2 and IL-15 funct ions
IL-2 has been approved for use in patients with meta-

static renal-cell carcinoma and malignant melanoma. 

The antitumour effect of IL-2 probably results from 

its ability to expand lymphocyte populations in vivo 

and to increase the effector functions of these cells, 

thereby inhibiting tumour growth23,37. However, IL-2 is 

not optimal for inhibiting tumour growth, because in 

the presence of IL-2, either the CTLs generated might 

recognize the tumour as self and undergo AICD or the 

immune response might be inhibited by IL-2-dependent 

T
Reg

 cells. By contrast, IL-15 — with its ability to activate 

T cells and NK cells, its inhibition of AICD, and its role 

in the persistence of CD8+ memory T cells — might be 

a better choice than IL-2 for the treatment of cancer 

and as a component of vaccines3,15. Attempts to prevent 

tumour growth in mice by administration of IL-15 have 

proved effective15,38–40. The importance of IL-15 in the 

elimination of syngeneic MC38 colon-carcinoma cells 

has been examined using Il15-transgenic mice, which 

produce large quantities of IL-15 (REF. 41). Whereas wild-

type mice were found to die with pulmonary metastases 

by 40 days after intravenous infusion of the carcinoma 

cells, Il15-transgenic mice did not develop such meta-

stases and survived. In additional experiments, the 

role of IL-15Ra-mediated IL-15 trans-presentation in 

the therapeutic action of IL-15 was evaluated41. In this 

study, an Il15ra expression element was transfected into 

MC38 colon-carcinoma cells. The administration 

of unmodified MC38 cells to wild-type mice led to 

death within 40 days. By contrast, administration of the 

Il15ra-transfected tumour cells did not lead to tumour 

development in mice that had normal endo genous pro-

duction of IL-15. In such mice, IL-15Ra on the surface 

of tumour cells bound IL-15 present in the blood and 

trans-presented the cytokine to NK cells, which were 

involved in destruction of the tumour. On the basis 

of these studies, my research group (in conjunction 

with the Biopharmaceutical Development Program, 

National Cancer Institute, Bethesda, Maryland, USA) 

has begun to produce recombinant IL-15 under good-

manufacturing-practice conditions for use, instead of 

IL-2, in human clinical trials. These trials will involve 

patients with metastatic renal-cell cancer or malig-

nant melanoma, as well as individuals infected with 

HIV who are receiving highly active antiretroviral 

therapy.

In parallel studies that were designed to take 

advantage of the role of IL-15 in the generation and 

maint enance of memory T cells, the gene that encodes 

IL-15 was incorporated into molecular vaccines. When 

administered to mice, vaccinia vectors co-expressing 

IL-15 and an HIV antigen, but not those expressing 

IL-2 instead of IL-15, induced long-lasting cellular 

immunity to the HIV antigen42,43. In these studies, the 

administration of a vaccinia vector expressing both 

HIV glycoprotein 160 (gp160) and IL-15 supported 

a robust CTL response, in contrast to the short-lived 

T-cell immunity induced by a vector expressing IL-2 

and gp160 (REF. 42). The presence of IL-15 at the time 

of priming had persistent effects on the phenotype 

and function of memory T cells. This observation is 

supported by the fact that the vaccinia vectors that 

generate exogenous IL-15 only persist for 1 week, 

whereas the robust CTL response extended for the full 

14 months of the study. In another study, administra-

tion of DNA vaccines containing an optimized plasmid 

encoding IL-15 improved the function and longevity of 

the CD8+ T-cell response to the influenza-virus protein 

haema gglutinin44. In light of the crucial role of IL-15 in 

the generation and maintenance of high-avidity CD8+ 

memory T cells, it has been proposed that, when a 

long-term immune response is desired, IL-15 (instead 

of IL-2) could be used in molecular vaccines. Such 

molecular vaccines incorporating the gene encoding 

IL-15 might provide a new perspective for the devel-

opment of preventive vaccines against HIV and other 

infectious agents.

Figure 2 | The mode of interaction of interleukin-2 

and interleukin-15 with the subunits of their 

receptors. Interleukin-2 (IL-2) is a secreted cytokine 

that binds pre-formed high-affinity heterotrimeric 

receptors that comprise the IL-2 receptor a-chain 

(IL-2Ra), IL-2/15Rb and the common cytokine-receptor 

g-chain (g
c
). By contrast, IL-15 is a membrane-associated 

molecule that induces signalling at the immunological 

synapse between antigen-presenting cells and natural 

killer (NK) cells or CD8+ T cells. IL-15Ra on the surface 

of monocytes or dendritic cells presents IL-15 in trans 

to cells that express IL-2/15Rb and g
c
 alone, thereby 

allowing signalling through these complexes.
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• State transition equations

– CD8 cell -> 2 CD8 cells depending on [IL2]

– CD8 with activated CD25, activated TCR  and non-
inhibited CTLA4 secrets IFN-ϒ





System Evolution

• Concentrations of cytokines and cell types and 
their states evolve over time according to the 
system equations and initial values of the 
parameters







Parameters

• Specified based on measurements

• Optimized based on simulated evolution with 
other measurements



Modeling Process

• Performed using drag & drop web app by
collaborating immunotherapists



In-silico Experiments

• Performed to find interventions or 
combinations of interventions predicted to 
enhance tumor lysis or to better understand 
system interactions



• Iterative process of model modification, 
measurement, and in-silico simulation



• Leading to improved tumor lysis



• Thank you


