
Automobiles are made in factories in Detroit and around the world to meet the demand of people 

who want to drive in style. So why are scientists in laboratories competing to invent new cars? The 

cars they are working on are chimeric antigen receptors (CARs). These CARs are genetically attached 

to the surface of T-cells, which are circulating immune cells that protect the body from infection. CARs are 

engineered to persuade the T-cells to seek out certain proteins. All cells have proteins specific to the cell type. 

B-cells, including CLL cells, express a number of proteins on their surface such as CD19, CD20 and CD23. 

CLL is a type of B-cell malignancy. The first CARs being used to target B-cell malignancies have been programmed 

against the surface protein CD19. These CD19-specific CARs have been investigated extensively over the 

last few years. You likely have seen news coverage of positive results from the University of Pennsylvania 

study led by Drs. Carl June and Bruce Levine. 

This CAR has proven successful with dramatic initial responses in three CLL patients. Both healthy and 

malignant B-cells express CD19, so the healthy cells are also targeted by this CD19-specific CAR. The 

depletion of healthy B-cells is being counteracted with IVIG therapy. Results from the UPenn study are still 

preliminary and more data is needed to determine duration of response. CLL Global has supported other 

research projects of Drs. June and Levine, but not the recently publicized research.

A number of other CLL Global investigators have also been developing the CAR concept, including collaborators 

at Baylor College of Medicine in Houston, Texas with Dr. Gianpietro Dotti being the principal investigator. 

CLL Global grant recipient Dr. Renier Brentjens at Memorial Sloan-Kettering is also currently evaluating a 

CAR against CD19. Dr. Laurence Cooper in collaboration with Drs. William Wierda, EJ Shpall, Chitra Hosing 

at MD Anderson Cancer Center, and Tom Kipps at University of California, San Diego (UCSD), are 

developing a CAR to recognize and respond to the ROR1 protein, which is relatively unique to CLL.  

There are also several other medical research centers around the country exploring variations of CARs.

A number of years ago, Drs. Kipps and Wierda discovered the ROR1 molecule on CLL cells while conducting 

gene therapy studies. ROR1 is a protein which is normally expressed on cells before birth but is switched off at 

approximately the time of birth. Because of its exclusive expression on the surface of CLL cells, ROR1 is a 

reasonably specific target for immune therapy. Subsequently, Drs. Kipps and Wierda have collaborated with 

Dr. Cooper and the other investigators at MD Anderson mentioned above to initiate a clinical trial to test 

the ROR1-specific CAR (see interview with Dr. Cooper on page 3).

Current, effective therapies are not without risk. Therefore it would be a major advance if the immune system 

could be educated to be more proficient in killing CLL cells and prevent recurrence. Patients have been waiting 

for a specific therapy which does not damage the rest of the body for as long as cancer has been treated. CARs 

may or may not be the Holy Grail in eliminating CLL, but they most certainly will be part of the answer. : :

CAR research
speeds aHead
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Driving CARs
to tHe forefront of tHerapy

How was tHe power of  
t-cells discovered? 

Hematopoietic stem-cell transplantation (HSCT, 

formerly referred to as bone marrow transplanta-

tion) uses stem cells from either a matched donor 

or from a patient’s own cells. What we have 

observed from stem cell transplantation is that 

donor-derived T-cells are able to sniff out friend 

from foe in the transplant recipient and are 

capable of killing off remaining malignant cells.

We therefore asked, “What can we learn from 

HSCT going forward to avoid the problems of 

toxicities, costs, etc.?” One answer is to give just 

the T-cells and strip away everything else. To do 

this, we have learned how to trick the T-cells and 

engineer them to have targeted specificity to only 

recognize malignant cells.

How do you trick tHe  
t-cells? 

We insert chimeric antigen receptors (CARs) to  

tell the T-cells what to target. CARs are similar to 

antibodies. Antibodies have one end that binds to 

a molecule (antigen) on the malignant cells. The 

other end of the antibody recruits immune cells 

that eliminate the malignant cells. However, these 

antibodies have to interact with the patient’s 

immune system which is compromised by their 

disease and/or chemotherapy, especially in patients 

with CLL. 

Dr. Laurence Cooper is Chief of Pediatric Cell Therapy at MD Anderson 

Cancer Center. In addition to caring for young patients undergoing 

hematopoietic stem-cell transplantation, he supervises a laboratory that 

develops and implements new immune-based therapies. He and his 

collaborators have combined gene therapy and immunology to adapt 

T-cells to target cancerous cells. Clinical trials infusing these T-cells are 

now under development.

What we are doing now has been decades in the 

making. Dr. Zelig Eshhar from the Weizmann 

Institute in Israel discovered that just the antigen 

binding domain of an antibody, what we call the 

CAR, can be stitched onto the surface of a T-cell. 

The external portion of the CAR is on the lookout 

for antigens. The attached portion of the CAR 

causes the T-cell to proliferate, to make cytokines 

which contribute to an inflammatory response, 

and importantly to kill. Infusion of the T-cells 

genetically modified to express a CAR provides the 

patient with everything they need: the power of 

antibodies to detect malignant cells with the ability 

of T-cells to eliminate malignant cells.

Over the years we have improved upon the CAR 

design to fully activate a T-cell and to take on all of 

the T-cell properties. We are currently using CARs 

to target CD19 and ROR1. One trial using a CD19-

specific CAR for patients with B-cell malignancies 

is actively accruing at MD Anderson. 

wHy were cd19 and ror1 
cHosen to be targeted?

CD19 is a protein expressed on B-cells, which are 

cells in the immune system that make antibodies. 

CLL is a disease arising from malignant B-cells. For 

the first trial, T-cells will be taken from the patient 

prior to HSCT and genetically modified to introduce 

the CD19-specific CAR. Patients will undergo an 

autologous HSCT (meaning they receive their own 

stem cells) and then receive their modified T-cells. 

So patients get a bonus. As they receive the HSCT, 

they also benefit from the CD19-specific T-cells 

trying to eradicate their disease. 

The ROR1-specific CAR is in collaboration with  

Dr. Tom Kipps at UCSD and Dr. Bill Wierda at  

MD Anderson. In Dr. Kipps’ lab an observation  

was made that ROR1 is expressed only on the 

malignant B-cells of CLL. We hope that by making 

a CAR specific to ROR1 that the specificity is 

redirected to just the malignant B-cells, unlike the 

CD19-specific CAR which targets both healthy  

and malignant B-cells. 

wHen will ror1 eXpressing 
cars be tested in patients?

We are gearing up right now to put the trial 

through the regulatory process with Dr. Wierda 

and Dr. Kipps. We know that the CAR works, we 

know how to get the CAR into T-cells and we 

know how to maneuver through the regulatory 

pipeline. We are still working on the manufacturing 

procedures to grow ROR1-specific T-cells in high 

enough numbers so that they are effective when 

given back to the patient. This is a solvable problem, 

but it is going to take some more work. I expect 

that we will submit the trial for approval in the fall 

with hopes of opening early next year. Initially the 

trial will only be open at MD Anderson, and then 

we anticipate opening the trial on the West coast 

to accommodate the needs of Dr. Kipps’ patients. 
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are tHere specific concerns you will be watcHing for in 
tHe clinical trials? 

A trial using a CD19-specific CAR is currently being conducted by Dr. Carl June at the University of 

Pennsylvania for B-cell malignancies. One of the observations from his trial is that patients with CLL 

benefited from the T-cell infusion! (Note: these results were widely reported in the media.) However, 

the healthy B-cells of patients disappear after this therapy as CD19 is expressed on both malignant 

cells and normal B-cells. You can live without B-cells for a certain amount of time because we can 

replenish antibodies with intravenous immunoglobulin (IVIG) therapy. Nonetheless it would be better 

for the patients if we could just restrict the killing to the malignant B-cells, and this is why the 

ROR1-specific CAR is worth testing.

Also, the CAR-modified T-cells are quite potent. When infused into the patient, these T-cells disseminate 

throughout the body and when they bind to CD19 they can simultaneously become activated. Patients 

consequently can experience side effects such as fever and shakes. The ability to manage these types 

of infusion-related toxicities is important. Fortunately, we are able to learn from Carl’s [Dr. June’s] 

experiences and adapt our trials accordingly. 

is tHere positive data from any of tHe car trials wHicH 
Have been conducted? 

There is a lot. Trials infusing CAR-modified T-cells are taking place all over the world for various 

disorders. There is one published case report from the NCI, and Dr. June has promising preliminary 

data from his trial using CD19-specific T-cells. 

is tHere an ideal patient group your researcH will benefit?

Initially these trials are only open to patients with aggressive diseases refractory to other treatments  

or at high risk for relapse. If everything goes well, the goal is for all CLL patients to benefit from T-cell 

therapy. The hope is that one day this approach can replace HSCT and even chemotherapy, so patients 

can eliminate their disease with just an injection of T-cells. 

as a pediatric pHysician, wHat is your interest in studying 
cll, wHicH is considered an “elderly disease”?

I have witnessed the power of T-cell therapy and one of the more compelling areas to try it is the field 

of CLL. These patients are burdened by this chronic illness and often cannot receive a HSCT for one 

reason or another; they are too old or too sick. With the ability to harness a patient’s T-cells and redirect 

the specificity, we are now capable of creating a targeted therapy that can benefit CLL patients today 

and can be applied to treat diseases of malignant B-cells in children tomorrow. 

wHat is your motivating factor to continue researcHing?

The belief that I can make a difference is what keeps me going. I know I can help patients if I innovate 

and work hard. : :

Dr. William Wierda, 
Associate Professor  
of Medicine in the 
Department of Leukemia 
at MD Anderson, is 
actively exploring 
immune therapy 
approaches for CLL. 
Below he provides 
answers to some 
common questions 
about CARs.

wHen will cars be widely 
available to all patients?

Significant work is still needed on CAR research and 

clinical application before this becomes a treatment 

that can be generally applied to patients. When  

we know it is safe and know how best to give it  

to patients, it will become generally available. 

Because it involves taking the patients’ own T-cells 

and modifying them to express the CAR gene, 

patients’ cells must be manipulated in highly 

specialized laboratory facilities. The logistics and 

implementation of this is very different from a pill or 

IV medication that can be dispensed by a pharmacy.  

wHen will cars receive fda 
approval?

It will probably take several years of clinical testing. 

Many variables go into FDA approval: pharmaceutical 

companies have objectives and agendas; feasibility 

can be an issue; and short and longer term safety 

must be assessed; etc. CARs are a highly specialized 

treatment which must be done at a specialized center. 

Experimental therapies - and this is very experimental 

therapy - do not usually get special treatment from 

the FDA just because they look promising or make 

big headlines. 

How do i find open car trials?

There are several groups around the country studying 

CARs. There is limited published information thus  

far, indicating that this is early in clinical development. 

Currently, the best way to determine if there are 

open clinical trials testing CARs is to search via  

www.clinicaltrials.gov. For clinical trials, most patients 

will probably have to be previously treated or refractory 

to standard treatments before they are eligible. : :

“
”

 The hope is that one day… 
       patients can eliminate their  
  disease with just an  
   injection of T-cells.

faQs



Driven by continued clinical and laboratory 

research, the treatment of chronic 

lymphocytic leukemia (CLL) has come  

a long way. It has evolved from single agent 

chemotherapy to multiagent chemotherapy,  

and more recently, to the combination of 

chemotherapy with monoclonal antibodies – so 

called “chemoimmunotherapy”. Patients have 

benefitted greatly from these advances, with 

improved rates of complete remission and a higher 

fraction of durable long term remissions.  

Although these advances have been made and 

some battles have been won, the war against  

CLL continues, and challenges still remain. 

Chemoimmunotherapy is often limited by infusion 

reactions, chemotherapy toxicities, and low blood 

counts that are often not tolerated in older patients. 

Relapsed or resistant disease continues to be a 

clinical challenge and an important area of research.

As more is learned about the biology of CLL, it is 

becoming apparent that the next advances in the 

treatment of CLL will come in the realm of blocking 

signal transduction- the mechanism in which cells 

receive and send signals in order to function. 

Several groups of CLL investigators have uncovered 

the importance of the B-cell receptor (BCR), which 

is an important protein that sits on the outside of 

a malignant CLL cell. Through this receptor, the 

CLL cell is able to receive signals from its external 

environment.  

These signals are important in supporting the survival 

of the cancer cell, stimulating it to grow and also 

promoting retention of CLL cells in the tissues where 

they are sheltered from the effects of standard 

chemotherapy. Scientists have found that the signals 

through this receptor are communicated through 

a network of different proteins within the cell.  
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Among the proteins that make up this communication 

network are: Syk, Lyn, Btk, and PI3K. If one or several 

of these proteins could be disrupted by a targeted 

drug, signals through the receptor could be effectively 

blocked. As a result, the malignant CLL cell would 

not receive the appropriate signals to grow, survive 

and hide from chemotherapy. This could potentially 

lead to the release of the CLL cells from the tissues 

and subsequent death. This also could make them 

more sensitive to standard chemotherapy.

Investigation into these signaling proteins has led 

to the development of several drugs that target 

them. Drugs that target Syk, Btk, Lyn, and PI3K  

are currently in clinical trials in patients with CLL  

to study their efficacy (see table below). A major 

feature of these drugs is that they are given by 

mouth and have very few recorded side effects. 

If these drugs show promising activity, future trials 

using them in combination with other CLL drugs 

such as chemotherapy or monoclonal antibodies 

may be planned. Such combinations can help to 

address the challenges of relapsed and resistant 

disease and perhaps further improve current 

remission rates. : :

Signal Transduction Inhibitors:
a brand new world

“the next advances in 
the treatment of CLL will 
come [from] blocking 
signal transduction.”

syK inhibitor/fostaMatinib btK inhibitor/pci-32765

Oral inhibitor of the Spleen tyrosine kinase (Syk). Phase I/II clinical trial 

completed in B-cell lymphoma/CLL. Results presented at 2008 American 

Society of Hematology Annual Meeting demonstrated fostamatinib to  

be very active against CLL. Most recent research on this agent has been 

focused on rheumatoid arthritis (RA). A paper published in The New England 

Journal of Medicine demonstrated a very significant improvement in the 

outcome of RA. Thus it is very likely that this drug will come back to the  

CLL research environment. 

Phase I clinical trial currently ongoing for untreated and previously treated 

CLL patients. The oral compound has shown significant inhibition of a key 

enzyme, Btk (Bruton’s tyrosine kinase), which plays a role in B-cell activation. 

Initial reports suggest that a majority of patients are responding to the 

therapy. Lymph nodes shrink dramatically within a period of weeks. B-cells  

are liberated and move from the lymph glands into the body’s circulation 

where they become more susceptible to either attack by other agents or  

to natural death.

lyn inhibitors/dasatinib & bafetinib pi3K inhibitor/cal-101 

Lyn kinase is another key enzyme in CLL cells that is responsible for cell 

survival. Laboratory studies show that inhibition of Lyn kinase in CLL cells 

results in the death of CLL cells. Drugs that have the ability to inhibit Lyn 

kinase should have some effect on CLL cells. Both dasatinib and bafetinib  

are currently being studied in CLL patients. Results from these studies will 

provide useful information. 

Another important enzyme is PI3 kinase delta. This enzyme is inhibited by  

an agent called CAL-101 which has been demonstrated to be very active in 

CLL. Ongoing studies include a trial examining the combination of CAL-101 

and rituximab in elderly patients with previously untreated CLL or SLL  

(small lymphocytic leukemia). There is also an ongoing study in conjunction 

with bendamustine. 
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The genetic basis for XLA was discovered about 4 

decades later in 1993.  It was found that mutations 

in the Btk gene located on the long arm of the X 

chromosome are responsible for the disease. 

Because mutations of the Btk gene (which codes 

for the Btk enzyme) lead to such profound B-cell 

defects, Btk became an attractive target for B-cell 

malignancies. After studying Btk’s function and 

structure, selective Btk inhibitors were developed, 

primarily for treatment of B-cell malignancies, such 

as CLL, and for autoimmune diseases. 

How btk works

The Btk enzyme is a master regulator of B-cell 

function. It transmits signals received from surface 

receptors including the B-cell antigen Receptor 

(BCR). CLL cells receive signals for growth and 

survival through the BCR. Once the BCR is activated 

by these signals, Btk moves to the cell membrane 

and becomes activated. The activated Btk then 

stimulates the survival and cell growth machinery 

in CLL cells. 

In addition, our research has shown that Btk is 

involved in the migration of CLL cells from tissue 

to the blood stream by regulating surface receptors 

called chemokine receptors. Chemokine receptors 

function as anchors that tether CLL cells to the 

lymph nodes and the bone marrow. Once inactivated, 

CLL cells become anchorless and are flushed out 

of the tissues into the blood. 

targeting btk

The Btk inhibitor, PCI-32765, is currently being 

used in Phase I trials in CLL patients. During the 

first weeks of therapy, CLL patients treated with 

PCI-32765 experience rapid size reduction and 

normalization in lymph nodes, and at the same 

time develop lymphocytosis (an elevated white 

blood cell count).  Inhibiting the dual activity of 

Btk - its effects on survival and cell growth on  

the one hand, and anchor signals that retain CLL 

cells in the tissues on the other - explains this 

clinical activity. 

Once in the blood, CLL cells are deprived of their 

nutritious environment provided by the lymph 

nodes and slowly starve. This starvation is amplified 

by the blockade of the BCR, which is hindered by 

PCI-32765. After weeks or sometimes months of 

treatment, this starvation process takes its toll on 

the CLL cells in the blood, and lymphocyte counts 

trend downward. At the same time, normal blood 

cell counts (red blood cells, platelets, neutrophils) 

improve and patients achieve remissions. 

wHite cell count side effects

One of the most remarkable activities of PCI-

32765 is the rapid reduction in lymph node sizes, 

accompanied by very substantial, transient increases 

in blood lymphocyte counts, especially during the 

first few weeks of therapy. This re-distribution 

phenomenon of leukemia cells, moving from the 

tissues into the blood, is accompanied by remarkable 

improvements in sinus congestion, appetite, fatigue 

and energy levels along with normalization of 

blood levels. 

The human body is full of cells, genes, proteins 

and other molecules working together to 

keep people alive and healthy. Much like a 

relay race or dominoes, the action of one molecule 

activates another molecule which activates another 

molecule and so on. These chains of activation are 

called pathways and occur through the use of signals. 

Bruton’s tyrosine kinase (Btk) is an enzyme (a type 

of protein) expressed in B-cells, including CLL cells, 

and has significant implications in their survival. 

Below Dr. Jan Burger (MD Anderson Cancer Center) 

has provided information on Btk and how researchers 

are targeting the enzyme to eliminate CLL.   

History of btk

The Btk enzyme is named after Colonel Ogden 

Bruton (1908 to 2003). He was a pediatrician at 

the Walter Reed Army Hospital  and described  

the first case of X-chromosome linked agamma-

globulinemia (XLA) in 1952. XLA patients lack 

circulating B-cells and have profoundly reduced 

immunoglobulin levels. 

tHe domino effect: 

Btk’s Role

continue on page 6
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The BCR receives signals from outside of the cell and activates Btk. Activated Btk stimulates growth 
and survival in the CLL cell. Btk also helps anchor molecules work, which retain CLL cells in the 
lymph nodes. (Image 1)

The Btk inhibitor PCI-32765 binds to and inactivates Btk. As a consequence, CLL cell growth and 
survival is inhibited. Also, the anchor molecules no longer work, and CLL cells are flushed out into 
the blood, where they slowly starve and are more susceptible to treatment. (Image 2)



Haven’t been to our website in a wHile?  
go to www.cllglobal.org to: 

•  Sign up for Tidbits, our monthly e-newsletter 

•  Watch videos from CLL Global grant recipients

•  Search for specific topics related to CLL

•  Read commentary from CLL Global’s CEO, Dr. Michael Keating  

•  Learn more about projects we are accelerating 

•  Find out creative ways you can help solve the CLL research puzzle

•  Follow us on Facebook
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Will Newman is a high school honor 

student from Asheville, North Carolina 

and a musical phenomenon. He has 

been playing music since the age of five. His musical 

ventures trump most, even though he has not yet 

graduated from high school. He opened for the 

Blues Brothers when he was ten years old and 

won the gold medal at the 2011 New York Wind 

Festival at Carnegie Hall with his high school 

symphonic band. 

Will also has a personal connection to CLL and  

is committed to advancing CLL research. As an 

eleven-year old, he accompanied his father, Steve, 

to MD Anderson Cancer Center for his father’s 

CLL treatment. “I learned that there were doctors 

and researchers around the world working 

tirelessly to find a cure. I wished that there was 

something I could do,” Will stated. 

Will has found a way to join the effort to support 

CLL research. He spent the first half of 2011 

recording a holiday album entitled “Believe Again”. 

The album includes five of Will’s arrangements of 

traditional Christmas songs plus an original song 

called “Believe Again”. Will composed the music 

and his father wrote the lyrics. Will plans for all 

proceeds from CD sales to be donated to CLL Global. 

“I hope the money we raise by selling this recording 

will help bring us a little closer to the miracle we’ve 

been praying for,” Will adds.

Individuals in the music industry are supporting 

Will’s effort. Stephanie Morgan of the indie group  

Stephaniesid donated backup vocals for the album. 

One of Will’s musical mentors, Tony D, produced 

the album. A music video with footage from the 

recording sessions is also included. The album can be 

purchased in CD format or online. You can contact 

Will via his website (www.willnewmanmusic.com) 

for a CD or follow one of the links on his website 

to download the album. 

It is never too early to start thinking about holiday 

shopping. Holiday albums make great gifts and 

stocking stuffers, and you can have the satisfaction 

of knowing your money is benefiting CLL Global 

and Will’s music career. If you or someone you 

know is planning a fundraiser or hosting an event, 

especially around the holidays, Will can perform 

and promote the album. His parents have not only 

donated all costs associated with the album, but 

have also graciously offered to support this cause 

and facilitate his touring efforts. Will’s music is 

even better in person.

Email info@cllglobal.org for more information or 

contact Will directly via his webpage:  

willnewmanmusic.com. : :

continued from page 5 (Btk’s Role)

To date, we have not seen adverse effects from  

the elevated white blood counts during early 

treatment with PCI-32765. Therefore, there is  

not a need to act upon these transient increases. 

However, because it is desirable to accelerate  

the time to remission, we have designed a study 

in which continuous PCI-32765 treatment is 

combined with the rituximab antibody, given 

during the first weeks of therapy. This approach 

is expected to eliminate the lymphocytosis, as the 

circulating CLL cells will be cleared by rituximab.

btk antagonists identify 
patients in complete  
remission

The current assessment for residual disease has 

limited sensitivity and does not account for CLL 

cells hiding in tissue such as the lymph nodes. 

Because of these limitations, patients who 

technically are in “complete remission” still have 

undetected dormant CLL cells. This is why CLL 

patients in complete remission typically relapse 

years after a successful standard therapy. 

Mobilization and targeting of these dormant  

CLL cells could help eradicate residual disease, 

thereby getting us closer to our ultimate goal, to 

cure CLL. The Btk inhibitor PCI-32765 or other 

related drugs, such as CAL-101, would be ideally 

suited for this task because they do not appear 

to cause toxicities. 

complications of  
inHibiting btk

At this time, we do not know the long-term 

consequences of Btk inhibition in patients with 

CLL. So far, the vast majority of CLL patients 

treated with the Btk inhibitor PCI-32765 are 

continuing their daily treatment, many for over  

one year. Most tolerate this drug very well and 

have not experienced any unexpected or 

cumulative toxicities. However, over time, Btk 

inhibition could result in reduced production of 

immunoglobulins with increased susceptibility  

for infections. Careful monitoring of immuno-

globulin levels and substitution with IVIG when 

necessary will help in assessing and managing 

this potential risk. 

The efficacy of immunizations and vaccinations 

in patients receiving therapy with a Btk inhibitor 

is currently unknown. Also, Btk may be involved  

in cell functions other than what has been 

described above. Continuous, careful clinical 

monitoring and awareness of potential risks 

related to infections and immunoglobulin levels 

are basic requirements as we move forward. : :

wHere tHere is a will, 
there is a way
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