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MARKET HIGHLIGHTS: CYPRESS INVESTOR 
OFFERS BUYOUT, FDA SETS BAR FOR OBESITY  
By Casey Lynch 
 
 The market for neurovascular products continued to heat up 
with Johnson and Johnson declaring its intent to purchase 
Micrus Endovascular for $480 million (see story, page 14). 
Micrus, focused solely on neurovascular products, markets 
specialized brain aneurysm coils and is developing several 
innovative products for ischemic stroke. Neurovascular products 
are consistently showing high double digit growth and companies 
are snapping up smaller specialty groups in order to provide 
cutting edge product offerings  in a  “one stop shop”  for hospitals. 
Boston  Scientific’s neurovascular division, however, which is 
speculated to be up for sale, posted a 5% revenue drop this 
quarter due to “stiff competition.”  

 
 While the move to add a late stage drug to its pipeline would 
seem to have been a good one for Cypress, public investors are 
in no mood for long term commitments with new financial 
requirements. A deal to acquire BioLineRx’s Phase IIb 
antipsychotic sent Cypress’ stock reeling last month and triggered 
a hostile letter from one of the  company’s  major  shareholders.  
Ramius offered to buy out the company for $4.00 per share, a 
60% premium over its recent price, but still less than 50% of its 52 
week high of $9.49. Cypress and partner Forest launched Savella 
for fibromyalgia in April 2009 (see story, page 12). 
 
 An FDA panel voted against approval of Vivus’  (VVUS) 
Qnexa saying that the risks outweigh its ability to help patients 
lose weight. The FDA is scheduled to decide whether to clear 
Qnexa on Oct. 28, six days after Arena’s lorcaserin. Arena 
managed to close a deal with Eisai and the stock rallied on Vivus’ 
setback. Despite mediocre efficacy data, lorcaserin’s side effect 
profile looks relatively clean (see story, page 7, 13).  
 
 
 
 

THE BLOOD BRAIN BARRIER: WHO WILL DELIVER? 
By Frank Eeckman, MD, PhD  
 
 The blood brain barrier (BBB) was discovered serendipitously 
more than a 100 years ago. Bacteriologist Paul Erlich found that 
following an intravenous injection of dyes nearly all tissues 
stained except the brain and the spinal cord. Ehrlich first attributed 
this lack of staining to special nervous tissue properties. A few 
years later his student Edwin Goodman proved that this was not 
the case and postulated a barrier between the extracellular fluid 
compartment of the body and that of the central nervous system. 
 
 The mechanism for the blood brain barrier was not 
understood until the advent of electron microscopy almost 50 
years later. Since then, it has become evident that the tight 
junctions between endothelial cells lining blood vessels in the 
CNS restrict the passage of solutes. Although there is still some 
debate over the exact mechanism and the role of astrocytic 
processes, most authors agree that the tight junctions play the 
most important role.  
 
 Barriers similar to the BBB exist in the retina and the choroid 
plexuses, effectively separating the extracellular fluid 
compartment of the body from the cerebrospinal fluid 
compartment. 

 See BBB, Continued on page 17 
 

Neurotech  
Winners & Losers 
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return 
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return 

Arena Pharma ARNA +159% +145% +56% 

Cypress Biosciences CYPB +56% -31% -61% 

Nymox NYMX +27% +22% -16% 

EnteroMedics, Inc. ETRMD -15% -43% -91% 

Icagen, Inc. ICGN -23% -54% -51% 

XenoPort, Inc. XNPT -37% -41% -69% 

Tracking  Index 
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1 yr. 
return 

NASDAQ NeuroInsights Index (^NERV) +10% +3% +16% 

NASDAQ Biotech Index (^NBI) +5% -11% +3% 

S&P 500  Index (^SPX) +7% -7% +12% 
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TO-BBB: LEVERAGES NEW PLATFORM TO TARGET 
BRAIN TUMORS, FORM PARTNERSHIPS 
 

to-BBB was founded in 2003 by Pieter Gaillard, whom CEO 
Willem van Weperen calls "the go-to person for blood brain barrier 
in Europe." Gaillard started his work at the Blood-Brain-Barrier 
Research Group at Leiden University in the Netherlands. The 
technology he developed while working there was called 2-B 
Trans. It was based on conjugating a candidate drug to a modified 
diphtheria toxin. Diphtheria toxin binds to heparin-binding 
epidermal growth factor (HB-EGF), also known as the diphtheria 
toxin receptor, to promote endocytosis of the complex into the 
brain. 

 
Van Weperen calls the 2-B technology, "not yet perfect but 

working very well." However, he remarks that it could not be 
tested in mice or rats, because rodents lack the appropriate 
receptor, and therefore it was impossible to test with existing 
model systems for Alzheimer's and other CNS diseases. He 
added, "It was not ideal for chronic applications either and there 
was a clear risk of immunogenicity with the bacterial protein." For 
all these reasons, Gaillard went out in 2008 to look for a second 
generation technology. He found one in Taiwan, and to-BBB 
licensed it from the Industrial Technology Research Institute 
(ITRI) in November 2008. 

 
According to van Weperen the experience with 2-B Trans 

"did many good things for the company." 2-B Trans allowed the 
company to make many connections into big pharma and biotech 
and early on to-BBB signed contracts with Biogen-Idec, Genmab 
and others. Since then the company has established 
collaborations with nine big pharma and biotech partners. 

 
"G-technology has the advantages of the old technology, 

without the disadvantages," says van Weperen, adding, "it can be 
used in mice and rats and it is not a foreign bacterial protein." G-
technology relies on a small three amino-acid glutathione 
attached to the tips of PEGylated liposomes. "Pieter reproduced 
the data from Taiwan and immediately took a license." 

 
Willem van Weperen knew Gaillard before he joined the 

company. Like Gaillard he has a biomedical background, but 
unlike Gaillard he went to industry, working for GSK clinical 
development, and later for Genzyme. When he was general 
manager for Genzyme in the Netherlands, Gaillard and a to-BBB 
investor team came by and offered him the CEO position. That 
was in 2009, shortly after to-BBB acquired the G-technology. 

 
to-BBB currently has 15 employees, the majority of which 

work in the laboratory on the G-technology. "We have a platform 

technology and our own lead product," says van Weperen. That 
product is 2B3-101, a brain-targeted version of the marketed 
product Doxil/Caelyx (PEG-liposomal doxorubicin). "Doxil, or 
Caelyx, is on the market for ovarian cancer in both the US and 
Europe," says van Weperen. "There is familiarity in the clinic and 
at the FDA so we think it is a unique opportunity to make a brain 
targeted version with less risk. Caelyx will soon be generic and we 
have a partnership with the manufacturer in Taiwan." 

 
2B3-101 is covered by IP as part of to-BBB's extensive 

patent estate. "It is covered for primary tumors and metastasis to 
the brain," according to van Weperen. "Last year we showed 
proof of concept in animal studies, then we scaled up 
manufacturing for toxicology and an upcoming clinical trial. Tox is 
now complete with a solid safety record, that is as good or better 
than Caelyx." 

 
to-BBB is targeting brain metastasis of breast cancer first. 

"Brain metastases are a large unmet need," says van Weperen. 
"Now that systemic treatment is better, we see more and more 
patients die of brain metastasis, where the therapy does not 
work." The company also has orphan drug status for 
glioblastoma. to-BBB aims to run a proof of concept trial, and then 
license out the product. van Weperen hopes 2B3-101 can enter 
the clinic next year.  

 
When asked about the safety of delivering chemotherapy to 

the brain van Weperen  explained,  “We  know we  are  increasing 
availability of the drug in the brain 3-5x and the tumors respond 
better. On safety side – the half life is shorter than Caelyx so total 
exposure is a little bit less. In the brain, we don't see any 
additional damage except to the brain tumor.” 

 
to-BBB has raised an undisclosed amount of seed capital in 

2003, followed by a $5 million A round in 2007. That was led by 
Aescap Ventures. Says van Weperen, "Now we want to raise 
something in the range of $10.5 million. Aescap is committed to 
invest, and we are looking for others to join. The Series B should 
allow us to complete a Phase I/II trial and turn one of more of our 
pharma research collaborations into a license deal." 

 
Van Weperen admits that working with liposomes can be 

tricky. "We have to work with the lipid composition to ensure good 
release. We take into account chronic versus acute needs. Pain 
drugs need fast release so the lipids have to change. What we 
aim for is safe and enhanced delivery. No magic bullets. We 
stress safety. You cannot just remove the blood brain barrier. 
Then you run into all kinds of trouble." 

 
 When asked about future plans, he responds, "We do not 
want to be a service company. We see a clear role of licensing on 
a compound-specific level. Companies are interested in using our 
technology for multiple classes of compounds so an exit to 
pharma or biotech seems logical."  

 

Company Spotlight 
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 BBB, Continued from page 1 
 
 The BBB has serious implications for development of both 
small molecules and biologics for CNS disorders. Molecules that 
slip across the membrane of BBB cells are typically small (under 
500 daltons), are lipid-soluble, and have a low polar surface area. 
They also tend to have few potential hydrogen-bond-forming 
moieties, including few, if any, carboxylic acid groups. In addition 
to BBB barriers, many CNS drugs target receptors that also occur 
in the periphery which eagerly snap up the drug and cause 
unwanted side-effects. This double-whammy is a key reason why 
many CNS related compounds fail in the clinic. 
 
 The BBB completely blocks biologics, a promising class of 
drugs including antibodies, enzymes, growth factors and other 
peptides, which have grown in importance in the last two 
decades. 
 
 Needless to say, many researchers are working on ways to 
either circumvent or penetrate the BBB. Although there are 
several promising approaches in the clinic, and many more under 
development, all have limitations and it is fair to say that the BBB 
remains a formidable opponent for drug development. 
 
 One of the first ways to circumvent the BBB was the use of L-
dopa in Parkinson's disease. In 1960 researchers found that 
people with Parkinson's disease had severe dopamine deficits. It 
was hypothesized that dopamine supplements might help the 
condition. Dopamine, however, does not cross the BBB. But an 
earlier discovery of the dopamine precursor L-dopa brought the 
answer. L-dopa does cross the BBB, and once it reaches the CNS 
it gets converted to dopamine. Since 1966 L-dopa has been the 
standard treatment for Parkinson's disease. 
 
 Although the BBB is mostly an obstacle, a few compounds 
are using its existence to their advantage. Such is the case for 
Nabi's NicVAX nicotine vaccine. The vaccine promotes an 
antibody response that is limited to the rest of the body since 
antibodies cannot penetrate the BBB. The antibodies snap up 
nicotine before it can penetrate the BBB and affect pleasure 
centers in the brain. 
 
 There are several ways to classify methods that are used to 
deal with the BBB. One could for instance mechanistically group 
procedures that bypass the barrier, others that try to penetrate it, 
and yet others that open it temporarily, but perhaps a more 
practical classification would look at local versus global and short-
lived versus permanent. Some treatments cause a localized 
breach while others manage to provide a more generalized entry. 
Similarly some treatments provide a temporary breach while 
others are more long-lasting. 
 
 
 

LOCAL BBB PENETRATION 
 
 Devices are an easy way to implement a localized breach. 
Most devices are implantable pumps consisting of a pump, a drug 
reservoir, and a battery that are all implanted in an easy to reach 
spot, usually the chest. A catheter runs under the skin, from the 
pump to the head where it penetrates the skull and ends into a 
cerebrospinal fluid space or into the brain parenchyma itself. All 
parts of the device are covered by skin and there is no contact 
with the outside world so as to prevent infection. 
 
 The battery can be charged and the pump programmed by an 
external wand using radio waves. The reservoir can be refilled by 
sticking a needle through the skin and the reservoir membrane. 
 
 Pumps are ideal for situations where one is trying to get a 
compound to a specific cell group within the CNS. For example, 
when one wants to deliver medication to treat chronic pain an 
implantable pump is a convenient solution. The pumps can deliver 
accurate amounts of a drug where it is needed with very high 
efficiency. 
 
 In the case of opiates, the benefit of the pump lies in the two 
orders of magnitude lower dosage versus oral delivery, as opiates 
readily penetrate the BBB. However, pumps can also be used to 
deliver medications that do not pass through the BBB. 
 
 Currently, there are two FDA approved constant flow 
implantable pumps for spinal delivery on the market, one from 
Medtronic and another from Codman. St. Jude has a device that 
is approved in Europe but not yet available in the US. 
Medtronic's Synchromed is the only totally programmable pump 
approved in both Europe and the US. NeuroNova working with a 
Medtronic pump to deliver the growth factor PDGF to the brain in 
clinical studies for Parkinson’s. 
 
 Venture funded InSet Technologies and Palyon Medical 
are also developing programmable pumps. MedGenesis is 
developing a convection enhanced pump that is meant to 
distribute drugs more effectively and evenly into the brain. The 
company recently signed a deal with Biovail to co-develop a 
pump for GDNF to treat Parkinson’s disease under a license from 
Amgen. Although pumps are best for localized delivery they can 
also feed compounds into the cerebrospinal fluid proper in order 
to reach a wider target area.  
 
 A variation on mechanical pumps are implanted cells that 
function as "biological pumps," secreting peptides, enzymes or 
growth factors where needed. Because cells are foreign materials 
they do evoke an immune response that needs to be managed. 
One way to do so is to use encapsulated cell technologies (ECT). 
ECT's consist of living cells enclosed in semipermeable polymer 
membranes. Nutrients can reach the cells and their metabolic and 

See BBB, Continued next page 
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 BBB, Continued from previous page 
nutrient products can freely diffuse through. French company 
Neurotech SA uses the ECT approach to treat retinal disorders, 
while its spinout NsGene is testing it for Alzheimer's, Parkinson's  
and intractable epilepsy. CellMed AG, a division of 
Biocompatibles plc has a product called CellBead Neuro, a 
drug-eluting bead that combines cell and gene therapy with 
encapsulation. It has been tested in stroke in a few patients. 
 
 One can also implant cells and use immune suppression to 
achieve the same goal. Nearly all current CNS stem cell 
approaches fall into this group. Implanted cells serve as biological 
pumps to deliver growth factors, enzymes, and peptides that 
would not otherwise cross the BBB. StemCell Inc.'s approach to 
Batten disease delivers a missing enzyme this way. A further 
variation on the biological pump consists of the use of localized 
gene therapy to turn existing cells into biological delivery systems. 
San Diego biotech Ceregene and New Jersey based Neurologix 
are using this method in neurodegenerative diseases. 
 
 In neuro-oncology, wafers containing cytostatic drugs are 
often implanted in the surgical cavity directly against the tissue 
that contains the tumor. This allows the medicines to get past the 
BBB that often limits the effect of injecting drugs into the 
bloodstream. It also reduces the harmful side-effects of such 
drugs. Esai markets the Gliadel wafer. Gliadel consists of 
polifeprosan, a biodegradable polymer matrix, impregnated with 
carmustine, a nitrosourea oncolytic agent. The polymer 
degradation controls the rate of local delivery of carmustine. 
 
 Two other localized approaches deserve mention. One is the 
use of focused ultrasound, a method that can temporarily open 
the BBB in one location for approximately 4 hours. Start-up 
company Perfusion Technology was working on focused 
ultrasound but now appears inactive due to lack of funding. The 
second technology is intra-nasal delivery. Research shows that 
intranasally delivered compounds can bypass the BBB via the 
olfactory and trigeminal nerves. Practical applications are limited 
to cases where midbrain or brainstem delivery suffices. 
 

GLOBAL BBB PENETRATION 
 
 General approaches aim at penetrating the blood brain 
barrier globally, making every cell in the CNS as accessible as 
cells in the rest of the body. Broadly speaking these procedures 
fall into two categories: mediated transport and systemic 
disruption. Mediated transport de facto abolishes the BBB 
everywhere for as long as needed. Systemic disruption is spatially 
wide but temporarily limited. 
 
 Mediated transport relies on the fact that the BBB has 
specific transporter molecules for biological substances such as 
insulin, transferrin, and other vital compounds. Drugs can be 
linked to these substances in order to trick the transport 

molecules into shuttling the combination molecule across. 
Transferrin, an iron shuttling protein has been a long time favorite 
for this task. 
 
 Dutch company to-BBB originally was formed based on 
science showing that a modified diphtheria toxin can bind to a 
natural receptor to promote endocytosis cargo into the brain. To-
BBB said that this platform, dubbed 2B-Trans, worked better and 
was more efficient than transferrin but the approach was 
abandoned when preclinical testing in rodents proved difficult.  
To-BBB now has a new platform utilizing glutathione coated 
liposomes, called the G-technology. The company is using its G-
technology for delivery of doxorubicin, called 2B3-101, to treat 
brain tumors and is pursuing a number of R&D collaborations with 
major biotech and pharma partners (see Company Spotlight, page 
18). 
 
 AngioChem uses engineered peptide compounds (EPIC) 
that bind to the LPR transporter, another ubiquitous transporter 
molecule. The company is developing cytotoxics for brain tumors 
and antibodies and siRNA's for neurodegenerative diseases. 
AngioChem is currently seeking a partner for clinical development 
and commercialization of their lead ANG1005, a novel taxane 
derivative created from the EPiC platform.  Data from an October 
2009 Phase I/II brain metastases trial showed that greater than 
70% of patients receiving therapeutic doses experienced disease 
control (stable disease or better) with more than half of them 
showing clear reduction in tumor size. Furthermore, 78% of 
patients with taxane resistant tumors showed responses, 
indicating ANG1005 has the potential to be effective against 
resistant tumors.  
 
 Therapeutic doses of ANG1005 were present in patient brain 
tumor samples, indicating that the drug successfully crosses the 
blood-brain barrier (BBB) and concentrates in the tumor, without 
showing central nervous system (CNS) toxicity or immunogenicity. 
Similar trends in patient responses were observed to-date in an 
on-going Phase 1/2 recurrent glioblastoma clinical trial with 
approximately 65% of patients experiencing disease control. 
 
 ArmaGen Technologies also uses the receptor mediated 
approach to transport putative treatments for stroke and 
Alzheimer's. This month the company announced that had 
developed a brain penetrating form of human erythropoietin 
(EPO) validated in primates. EPO is thought to be a 
neuroprotective agent which could be useful for treatment of  
stroke, brain and spinal cord injury, and Parkinson's disease. In 
May Stem Cell Therapeutics announced that their stroke trial 
involving sequential administration of human chorionic 
gandotropin (hCG) followed by EPO was unsuccessful.  Armagen 
might contend that this is because EPO does not cross the BBB in 
significant amounts.  
 

See BBB, Continued next page 
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 BBB, Continued from previous page 
 
 Armagen’s  EPO is fused to a genetically engineered 
monoclonal antibody (MAb) to the human insulin receptor (HIR). 
The HIRMAb acts as a molecular Trojan horse to ferry the EPO 
across the BBB via transport on the endogenous BBB insulin 
receptor. The HIRMAb-EPO fusion protein is a dual receptor 
specific protein with low nM binding constants for both the human 
EPO receptor and the human insulin receptor. Therefore, brain 
penetration of the HIRMAb-EPO fusion protein was demonstrated 
in vivo in the adult Rhesus monkey following IV administration. 
EPO alone was shown not to cross the primate BBB. The brain 
uptake of the HIRMAb-EPO fusion protein in the Rhesus monkey 
is high, 2% injected dose/brain, and comparable to the brain 
uptake of small molecules.  
 
 Cell penetrating peptides are a variant of transporter 
mediated delivery. It was found that arginine-rich peptides are 
transported across cell membranes by an as yet unknown, but 
likely specific, mechanism. Compounds can be bound to these 
peptides to hitch a ride across the BBB. Xigen, a Swiss company 
is developing stroke treatments using this technology. 
 
 Certain nanoparticles can also cross the BBB via an unknown 
mechanism. At one time at least four companies claimed to be 
working on applications in CNS, but these companies have now 
abandoned efforts (Nanovector and Capsulution/NanoDel) or 
ceased operations (Advectus and NanoPharm AG). While there 
is great interest in nanotechnology, most practical applications of 
the technology are a ways out at this point. 
 
 The second global method is to disrupt the BBB on a 
systemic level. This can be done using osmotic, chemical, or 
electrical means. The use of mannitol, a polyol or sugar alcohol, 
has been around for a long time in neurosurgery. The compound 
causes hyperosmolarity in the plasma, thereby attracting water. 
Mannitol is often used to combat brain edema after surgery.  
 
 But by attracting water the compound also shrinks the 
endothelial cells in the BBB, thereby disrupting the tight junctions. 
That allows chemicals to diffuse freely into the brain. The 
procedure is now commonly used when treating brain tumors with 
cytotoxic therapy. 
 
 Using a more specific mechanism, Israeli company 
BrainsGate is developing a device for electrical stimulation of the 
spheno-palatine ganglion, which induces cerebral vasodilation 
and a temporary increase in permeability.  In 2008 the company 
raised $27.5 million series C from strategic investor Johnson & 
Johnson Development Corporation along with Agate Medical 
Investments and existing investors Elron, Pitango Venture 
Capital, Alice Ventures, Boston Scientific Corp., and Israel 
Infinity Venture Capital. The finance was raised at a $50 million 
pre-money valuation.  

NASDAQ NEUROINSIGHTS NEUROTECH INDEX 
Index Performance 

As of July 31, 2010 ^NERV is down 16.0% from a start date 
of Sept. 25, 2007, compared to a loss of 2.1% in the NASDAQ 
Biotech Index and loss of 27.8% for the S&P 500.   

 
 
 
 
 
 
 
 
 
 
 
Source: Morningstar, NeuroInsights 
 
About The Neurotech Index 
 The NASDAQ NeuroInsights Neurotech Index (^NERV) is a 
pure play modified market-capitalization weighted index designed 
to track the performance of the largest and most active 
neurotechnology companies traded on one of the three major US 
stock exchanges. The Index includes companies researching, 
developing, manufacturing, and marketing pharmaceuticals, 
biologics, medical devices and diagnostics for the brain and 
nervous system. Index companies are defined by NeuroInsights 
as significantly involved in neurotechnology (see Neurotech 
Universe, page 17) and must meet rigorous market criteria 
including a $200 million market capitalization and a three-month 
average daily trading volume of 100,000 shares.  
 
 The Index employs a modified market capitalization-weighted 
methodology based on the market capitalization ranking of the 
Index Securities. The index weight of the top five components are 
capped at 8%. The index weight of all other securities is capped 
at 4% with the excess weight proportionally distributed across the 
remaining securities to generate the final rebalanced index 
weights. The index weighting is rebalanced quarterly and 
components are re-evaluated semi-annually in June and 
December.  
 
Components As of the June 21, 2010 evaluation the index 
has 24 components: Acorda Therapeutics, Alkermes, Arena 
Pharmaceuticals, Biogen Idec, Biovail Corporation, 
Cephalon, Cyberonics, Elan Corporation, Endo 
Pharmaceutical Holdings, Forest Laboratories, Integra 
LifeSciences Holdings, Jazz Pharmaceuticals, Medivation, 
Micrus Endovascular, Natus Medical, Neurocrine 
Biosciences, Orexigen Therapeutics, Pain Therapeutics, 
Questcor Pharmaceuticals, Shire, Targacept, Valeant 
Pharmaceuticals, Vanda Pharmaceuticals, XenoPort.  


