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Hello everyone, my name is Lauren Edwards, and this summer I spent 7 weeks working in Courtney Crane’s lab at Seattle Children’s Ben Towne Foundation for pediatric cancer research. What I’ve looked at these past few weeks was the use of genetically engineered macrophages to combat the tumor microenvironment in brain cancers



Glioblastoma (GBM)
o GBM is a fast-growing, highly aggressive brain 

tumor
• WHO Grade IV Astrocytoma
• Median survival from diagnosis is 14.6 months

o First-line therapies include surgery, chemo, 
and radiation

o This makes GBM patients good candidates 
for immunotherapy

• Side effects significantly reduce quality of life
• Recurrence

• Enhances the patient’s natural immune function
• Has the potential to target cancer cells specifically 

and leave healthy cells intact
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In the Crane Lab, there is a focus on Glioblastoma, which is a fast-growing, highly aggressive brain tumor thus classified as a grade four astrocytoma. This tumor arises from the glial cell type known as the astrocyte, which supports the brain by modulating blood flow to and from neurons. Once you are diagnosed, your median survivals is only about fifteen months even with maximal treatment, so it is a very life-threatening condition with a grim prognosis.

Current first-line therapies for GBM include surgery, chemotherapy, and radiation, but the side effects of such treatments significantly reduce quality of life. Additionally, the glioblastoma will almost inevitably recur despite these therapeutic attempts. 

This makes GBM patients good candidates for immunotherapy, which aims to enhance that patient’s natural immune function in a way that will target cancer cells specifically, while leaving healthy cells intact. 




Barriers for Immunotherapy in Solid Tumors

o Difficulty in crossing the blood -brain barrier

• Recruitment of pro-tumor, anti-
inflammatory cells

• Secretion of pro-tumor, anti-
inflammatory cytokines

• Modification of immune cells from 
pro- to anti -inflammatory phenotype 

o Challenges due to heterogeneity of 
tumor cells having varying phenotypes

o Immunosuppression of the tumor 
microenvironment (TME)

Cancer cells
Pro-tumor myeloid cells
● Tumor-associated 

macrophages
Regulatory immune cells
● T-regs

Normal Cells

Cytotoxic immune cells 
● NK Cells
● T-Cells
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However, most clinical trials using immunotherapy to treat solid tumors are unsuccessful. Instead, they only tend to work against bloodborne cancers, such as leukemia, which has been successfully demonstrated by SCRI using Car T cell immunotherapy on leukemia patients, in which modified receptors on T Cells 
target tumor antigens for destruction.  

Still, solid tumors remain unaffected by such treatments, and these failures are due to something called
 the tumor microenvironment:  the pro-tumor, anti-inflammatory activity going on within and around the tumor. 

Its activity is highly immunosuppresive, and has several mechanisms that shut down natural anti-tumor immune activity, which i will show you on the enxt slide


Heterogeneity, blood-brain barrier



Goals for Cancer Treatment

Goal: Eliminate the immunosuppressive factors of the tumor 
microenvironment and facilitate the destruction of cancerous 
cells by enhancing the cytotoxic immune response

Our Approach: Genetically engineer macrophages to  express 
factors that could boost anti -tumor immune activity
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So clinically, what we need is to develop a treatment that will break down the immunosuppressive tumor microenvironment and facilitate the targeted destruction of cancerous cells. Furthermore, we are attempting to so with an immunotherapeutic approach so that we are enhancing the anti-tumor immunity of the patient and avoiding the devastating side effects that come from chemo and radiation




Genetically Engineered Macrophages (GEMs)
o Macrophages are part of a group of immune cells that act as the first -line of 

defense against foreign pathogens
• Pro-inflammatory vs tumor -associated
• Capable of signaling to cytotoxic cells such as NK and T cells

o We hypothesize that GEMs could be used to reprogram the TME in a way that supports 
immune-mediated tumor destruction 

o Using animal models, the Crane lab has shown GEMs 
can be directly implanted into the tumor and retained for 
at least one month

o GEMs are macrophages that have been transduced with 
lentivirus, which allows stable protein expression
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To this effect, the Crane lab is doing something entirely novel by studying genetically engineered macrophages. (Macrophages are immune cells who are most well known for their role of engulfing bodily invaders such as bacteria, but there are actually both pro and anti-inflammatory types). GEMS are promising for cancer immunotherapies because, through viral infection with DNA, we can engineer these cells to express any number of factors that we think might work towards fighting the tumor. So we really have an enormous amount of flexibility. Additionally, these GEMs can be directly implanted to what remains of the tumor at the time of resectioning, and they have been to shown to be retained by the tumor while maintaining a pro-inflammatory character, resisting modifications. Overall, GEMS have the potential to reprogram the tumor microenviroment to support immune mediated tumor destruction



By infecting macrophages with a virus filled with DNA encoding such proteins, they can express and release these into the tumor and create  further clinical effects. 
Lentivirus - flexibility
Created using HIV-based lentivirus
Packaged with desired DNA and delivered to GEMs
Once DNA is delivered, expression of encoded proteins 
is stable




Using a TLR -5 Agon is t

o TLR-5 is a human protein expressed on macrophages

o We can create a protein that mimics the segment of 
flagellin that binds the receptor

o By engineering GEMs to express this TLR-5 agonist, 
we expect to be able to reprogram the TME

• Activation of this protein by bacterial flagellin alerts the 
immune system

• We anticipate that agonizing this receptor on tumor -
associated macrophages will trick them into recruiting anti -
tumor immune cells such as NK and T-Cells
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One way we can modify the GEM is to insert DNA that will allow the cells to express a TLR-5 agonist, which is what I have been working on this summer. The toll-like receptor 5 is human protein expressed on macrophages that binds to and recognizes flagellin on bacteria and then alerts the immune system to incur an inflammatory response. If we can agonize this receptor without administering actual bacteria, we could trick the immune system into boosting the type of pro-inflammatory response that would target the tumor by reprogramming tumor associated, anti inflammatory macrophages to work for our purpose. So, this summer I have been working on a three-step process of genetically engineering macrophages to secrete this TLR-5 agonist.
n.p.lieberman@gmail.com

(include reprogramming the tumor associated macrophages, hopefully reprogram the myeloid cells already in the tumor for our purposes
determined the specific sequence that will express only the receptor-binding segment of the flagella that will bind to TLR-5 and activate/boost the immune system
 boosting its pro-inflammatory activity by activating TAMs to work for our purpose and 




Step One
Clon e vector

Step  Two
Con firm  expres s ion  in  m am m alian  cells

Lysate                 Supernatant     :

Entolimod=TLR-5 Agonist
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As proof of principle, we wanted to first confirm expression in mammalian cells before creating GEMs

To carry on this process, I began by cloning a lentiviral vector containing our TLR-5 agonist, which is the protein entolimod. Entilimod is fragment of flagellin currently in clinical trials for head and neck cancer), coded for in the purple segment in an HIV backbone. After replicating in bacteria and confirming the sequence, we packaged this DNA in lentivirus that was then ready to infect cells.

Now, because of changes from actual bacterial sequences that in theory would predict better success, we did want to confirm that our TLR5 agonist was really being produced by mammalian cells. This brings us to Step 2, performing a Western Blot. This verification of expression was an important step because no one has ever produced this particular fragment in mammalian cells, only bacteria - weren’t sure if it would work, but you can see with the bright green marks, that it did.

Size of entolimod?



TLR-5 agon is t:
• biologica lly active
• upregula tes  

ch em okin es  kn own  
to recruit  an titum or 
im m un e cells

Step 3
Evaluate m acroph age respon se to 
TLR-5 agon is t
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Once the expressions confirmed, we took the supernatant of these 293T mammalian cells (which contained out TLR5 agonist) and added it to macrophages to induce signaling through chemokine release. What we saw being produced during this signaling were chemokines Interleukin-8, and chemokine ligands  3, 4, and 5,  all of are generally known to support a localized pro-inflammatory response that could allow the patient’s immune system to overcome the TME and successfully fight the tumor. These tests confirmed that our TLR5 agonist is biologically active, causes the upregulation of cytokines and chemokines, and is capable of recuiting antitumor immune cells. These results have put us in a good place to move forward, and while I am leaving off at an experiment in which we test the effects of infected macrophages themselves rather than just mammallian cells, in the future these ideas show promise of moving  into in vivo microenvironment testing. SO i want to thank everyone...
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Conclusion
We expect that stimulation of 

macrophages with TLR-5 
agonist will recruit cytotoxic 

immune cells to the TME
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Here you can see a visualization of the TME. Many people might think that a tumor is just a clump of cancerous cells, but it is also made up of many other cells, such as
pro-tumor myeloid cells such as tumor associated macrophages, and regulatory immune cells which shut down pro-inflammatory action

Thus, when cytotoxic immune cells come by in the blood stream to attack the tumor, all these components of the TME end up modifying these immune cells so that they are stopped from destroying the tumor as intended.
In conclusion, We expect that stimulation of macrophages with TLR-5 agonist will recruit cytotoxic immune cells in the TME

Now that we have shown that TLR-5 agonist is biologically active in mammalian cells, we need to demonstrate that our GEMs can actually be engineered do the same. In the future, 
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