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S a n n e  H i j l k e m a

the blood-brain barrier is probably 
the culprit. This would seem the 
obvious explanation of the fact that 

some breast cancer patients who respond 
well to antibody therapy are faced with 
metastases in the brain while still under-
going treatment. At the same time in-
creasing evidence suggests that patients 
with brain metastases can still benefit 
from antibodies administered outside the 
brain. Primary brain tumours also appear 
to be (temporarily) receptive to this thera-
py. The angiogenesis inhibitor bevaci-
zumab, for example, is mar keted in 
America for the treatment of patients 
with brain tumours.

Playing around
Whichever way you look at it, it’s by no 

means simple, stressed Lois Lampson of 
Harvard Medical School at an annual 
European antibody conference held at the 
end of last year. Antibodies – relatively large 
molecules – can usually hardly pass through 
the blood-brain barrier. But that barrier is a 
treacherously complex and dynamic sys-
tem. In any case, it is irrelevant with regard 
to treating relatively large brain tumours, 
endorses Pieter Gaillard of biotechnology 
company to-BBB. It then leaks. The prob-
lems then suddenly become comparable 
with the problems seen in other solid tu-
mours, such as poor blood circulation in 
the tumour tissue. 

Researchers come up with a variety of 
strategies to fight smaller tumours, me-
tastases and other brain conditions that 
are hidden behind an intact barrier. They 
play around with existing or new antibod-
ies, combining them with other mole-
cules and experimenting with different 
ways of administering them. 

The Dutch company to-BBB specialises 
in the transport of medicines through  
the blood-brain barrier. It manufactures 

modified liposomes, one of which – a can-
cer drug doxorubricin-filled variant – the 
company is currently testing in a clinical 
phase 1-2a study among patients with a 
brain tumour or metastases in the brain. 
Glutathione molecules attached to the 
surface of the liposomes should increase 
absorption in the brain. Normally, trans-
port proteins in the brain guide the anti-
oxidant glutathione – produced naturally 
in the body – actively through the barrier. 

The liposomes of to-BBB are apparently 
not a logical solution to getting the current 
generation of antibodies into the brain, 
says chief scientific officer Gaillard: 
“Individual antibodies have a longer half-
life than those packaged inside liposomes. 
And the longer they circulate in the blood-

stream, the more they can pass through 
the barrier. This is because there is always 
a small percentage that sneaks through.” 
Yet the company still researches its tech-
nology with antibodies provided by several 
clients. “An increased absorption or reten-
tion in the brain can carry more weight in 
the case of antibodies with certain mecha-
nisms of action than prolonged circulation 
in the bloodstream.”

diSruPt
And what if you introduce the antibod-

ies into, or in the vicinity of the tumour? 
Researchers are experimenting with  
administering antibodies directly into the 
brain, or by using a catheter to bring 
them close to the tumour via the blood-
stream. “For the time being this would 
not seem to be a relevant solution for 

Brain-bending biology
Many cancer patients benefit 
from therapeutic antibodies. 

However, if the tumour cells are 
located in the brain there is a 

big chance that patients will not 
yet benefit from this trend. 

Researchers are doing all they 
can to remedy this. 

The barrier is 
treacherously complex 

and dynamic 

Glutathione molecules attached to the surface 
of to-BBB’s liposomes should increase  

absorption in the brain.
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humans”, says Gaillard. “Particularly be-
cause you would only be treating visible 
lesions while the microtumours are usu-
ally the problem.” You can also temporar-
ily disrupt the blood-brain barrier and 
then immediately administer the anti-
bodies through an artery, like American 
researchers did with the bevacizumab 
antibodies in patients with gliobastoma 
brain tumour. In a phase 1 study it ap-
peared that this was safe and possibly 
effective.

“But we still know little about the long-
term effects of such a barrier-opening”, 
says associate professor Louise van der 
Weerd of Leiden University Medical 
Center. “A strategy of this kind is useful 
for the acute treatment of aggressive tu-
mours but has too many side effects for 
prolonged treatment.”

Courage
Another solution comes from America. 

Genentech has designed a so-called bi-
specific antibody that can bind both a 
transport receptor (transferrin receptor) 
on the blood-brain barrier as well as an 
Alzheimer-target (beta secretase). In  
doing so an often followed rule when de-
veloping antibodies had to be abandoned: 
the antibody with the highest affinity to 
the transport receptor was not the most 
suitable one. For the time being they are 
doing well in mice.

“It’s an elegant approach but it will be 
extremely difficult to make the change 
from mice to human beings”, is Gaillard’s 
opinion. “Although I’m pleased that a 
research group of such a large company 
is again focusing on research into the 
blood-brain barrier. That’s not been the 
case for some time now since they don’t 

usually have the courage to translate the 
approach from mice to humans”

Of course you can also attach an anti-
body to a molecule that is able to infiltrate 
the brain in the hope that the antibody 
can ‘tag along’ for the ride. to-BBB’s main 
competitor transports the cancer drug 
paclitaxel into the brain by binding it to 
such a peptide, says Gaillard. That 
Canadian company, Angiochem, is not 
currently working with antibodies, “but 
that can always change”, he assumes. 
“That they have demonstrated the poten-
tial of the method among patients has 
resulted in a research collaboration with 
GlaxoSmithKline to get enzymes through 
the barrier as well.” Meanwhile a phase 2 
study is in progress on the paclitaxel vari-
ant among lung cancer patients with 

brain metastases.
And then there are the miniature anti-

bodies which you might expect would be 
able to get into the brain easier. “Yet we 
don’t see that happening enough in labora-
tory animals”, says Van der Weerd, who is 
also engaged in work on Alzheimer’s dis-
ease. To deliver their llama antibodies, 
which are ten times smaller than those of 
humans, she is therefore using liposomes 
among other things. “Or we attach them to 
another llama antibody or peptide that 
binds to a transport receptor at the barrier.”

Setting aside all the more or less brilliant 
attempts to get antibodies into the brain, 
you can ask yourself whether these mole-
cules are perhaps able to fight irregularities 

in the brain from a distance. For instance, 
they could activate immune cells, which 
can infiltrate the brain. Moreover, metas-
tases reach the brain through the blood-
stream where antibodies probably can 
eradicate them in good time. 

If intravenously administered anti-
bodies have an effect on Alzheimer pro-
teins or cancer cells in the brain, then it 
is still pretty difficult to determine how 
and where in the body that effect came 
about. These tools are generally part of a 
complex course of treatment in small 
studies, which makes interpretation of 
the mechanism even more difficult. 

SeCret
Several companies are working on anti-

bodies for Alzheimer’s disease that catch 
and remove the Alzheimer protein beta 
amyloid in the blood. Companies that are 
involved in clinical trials include Pfizer 
(bapineuzumab), Genentech (crenezumab) 
and Eli Lilly (solanezumab). “By changing 
the balance between different amyloid pro-
teins in the blood you can reduce the accu-
mulation of beta amyloid in the brain”, says 
Van der Weerd. Nevertheless, the initial  
results are disappointing. Intravenously 
administered bapineuzumab, for instance, 
failed to improve the cognition of Alzheimer 
patients in phase 3 clinical trials. This led to 
Pfizer announcing the end of the research 
line at the beginning of August. Research 
into administering the antibodies by the 
subcutaneous route and their preventive 
use is being continued. The researchers in 
Leiden, in association with their Utrecht 
colleagues, also tested the effects of llama 
antibodies in the brain, but the results of 
the laboratory mice study are being kept 
secret until after publication. |

‘The problem is in 
microtumours’

SetbaCk
the research field engaged in the selec-
tive targeting of the blood-brain barrier 
suffered a considerable setback last 
summer. A construct of the growth fac-
tor GDNF connected to an antibody 
that binds insulin receptors in the brain 
turned out to be ineffective. In a monkey 
model for parkinson’s disease it beca-
me evident that it failed to reduce the 
symptoms of the disease. Moreover, the 
concentration of the growth factor in 
the brain was not increased, and the 
treatment caused allergic reactions and 
other unpleasant side effects. In this 
particular case the antibody was the 
transporter, and the growth factor the 
therapeuticum. |

Mechanisms of transport at the blood-brain barrier.


