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(57) ABSTRACT 

A method for delivering a large molecule to the brain includes 
administering the large molecule via an intermittent bolus 
regimen intrathecally to a subject at a level of C3 or above. A 
method for delivering a large molecule to the brain includes 
rostrally advancing a catheter in the intrathecal space of a 
subject until a delivery region of the catheter is located at a 
level of C3 or above and delivering the large molecule via the 
delivery region. Employing aspects of Such methods, a 
method for altering eating behavior is described. 
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METHOD FOR DELVERING LARGE 
MOLECULES TO THE BRAIN 

RELATED APPLICATIONS 

0001. This Application claims the benefit of Provisional 
Application Ser. No. 60/868,901, filed Dec. 6, 2006, and of 
Provisional Application Ser. No. 60/868,904, filed Dec. 6, 
2006, which applications are hereby incorporated herein by 
reference in their respective entireties to the extent that they 
do not conflict with the present disclosure. 

FIELD 

0002 The present disclosure relates to medical devices 
and systems and methods associated therewith; more particu 
larly, to methods for delivering large molecules, such as pep 
tide hormones, to the brain therewith. 

BACKGROUND 

0003 Implantable infusion devices have been employed 
to treat a variety of diseases such as pain, spasticity, and 
cancer. For some medical conditions, medical devices pro 
vide the best, and sometimes the only, therapy to restore an 
individual to a more healthful condition and a fuller life. 
0004. However, the use of implantable infusion devices in 
delivering therapeutics to the brain has been limited, perhaps 
in part due to inability to obtain proper distribution of the 
molecule once delivered or the elaborate and extensive sur 
gical procedures associated with implanting such devices to 
deliver agents to the brain. By way of example, an implant 
able infusion device is typically implanted in a patient’s abdo 
men. Accordingly, a catheter to deliverfluid from the infusion 
device to the brain is tunneled subcutaneously from the abdo 
men to the patient's skull, where the catheter may gain access 
to the patient's brain via a drilled burr hole. Proper placement 
of the catheter, particularly the section through which agentis 
delivered to the brain is important and can take a significant 
amount of time. 
0005. Alternatively, the catheter may be implanted such 
that it delivers the agent intrathecally within the patient’s 
spinal canal. However, the time it takes for agents to reach the 
patient's brain can be unpredictable, as can the amount that 
reaches the patient's brain, if any. For large molecules, such a 
proteins and nucleic acids, distribution can be affected by 
their size. That is, the rate and order of diffusion can be quite 
different for large molecules than for small molecules. 

SUMMARY 

0006. The present disclosure describes methods and sys 
tems for distributing large molecules to the brain using an 
implantable infusion device and associated catheter. The 
methods and systems described herein, which in many 
embodiments include improved intrathecal delivery, allow 
for improved Surgical ease relative to intraparenchymal or 
intracerebroventricular delivery and provide for broader dis 
tribution than traditional intrathecal spinal delivery. 
0007. A method is described for delivering a large mol 
ecule via an intermittent bolus regimen intrathecally to a 
subject at a level of C3 or above. The method includes dis 
pensing a fluid composition containing the large molecule 
into a reservoir of an implantable infusion device. The 
method also includes implanting a catheter in the Subject Such 
that a delivery region of the catheter is located intrathecally in 
the subject at a spinal level of C3 or higher. The method 
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further includes fluidly coupling the catheter to the reservoir 
such that fluid in the reservoir is deliverable to the subject 
through the delivery region, and delivering the fluid compo 
sition from the reservoir through the delivery region to the 
subject. The fluid composition is delivered at a substantially 
constant low infusion rate with intermittent boluses at a 
higher rate. 
0008. A method is described for rostrally advancing a 
catheter in the intrathecal space of a subject until a delivery 
region of the catheter is located at a level of C3 or above. The 
method includes dispensing a fluid composition containing 
the large molecule into a reservoir of an implantable infusion 
device. The method also includes implanting the catheter in 
the subject such that a delivery region of the catheter is 
located intrathecally in the subject at a spinal level of C3 or 
higher. The delivery region of the catheter is introduced into 
the intrathecal space of the subject at a lumbar or sacral level 
and rostrally advanced intrathecally to a spinal level of C3 or 
above. The method further includes fluidly coupling the cath 
eter to the reservoir such that fluid in the reservoir is deliver 
able to the Subject through the delivery region, and delivering 
the fluid composition from the reservoir through the delivery 
region to the Subject. 
0009 Employing aspects of the methods described herein, 
a method for altering eating behavior is described. The 
method includes implanting an infusion device having a res 
ervoir in the Subject, and dispensing a fluid composition con 
taining a peptide hormone into the reservoir. The peptide 
hormone is selected from the group consisting of a guthor 
mone, an adipose tissue derived hormone, a pancreatic hor 
mone, and a hormone activated by a gut hormone, an adipose 
tissue derived hormone, or a pancreatic hormone. The method 
further includes implanting a catheter in the Subject Such that 
a delivery region of the catheter is located intrathecally in the 
subjectata spinal level of C3 or higher. The delivery region of 
the catheter is introduced into the intrathecal space of the 
Subject at a lumbar or sacral level and rostrally advanced 
intrathecally to a spinal level of C3 or above. The method also 
includes fluidly coupling the catheter to the reservoir such 
that fluid in the reservoir may be delivered to the subject 
through the delivery region, and delivering the fluid compo 
sition from the reservoir through the delivery region to the 
subject, wherein the fluid composition is delivered at a sub 
stantially constant low infusion rate with intermittent boluses 
at a higher rate. 
0010. The methods described herein provide one or more 
advantages over previous methods for delivering large mol 
ecules to the brain of a subject. The methods described herein 
may result in improved Surgical ease, improved distribution 
of the large molecule to the brain, or combinations thereof. 
These and other advantages will become apparent upon read 
ing the disclosure presented herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a schematic diagram of a side view of an 
infusion device and catheter. 

0012 FIG. 2 is a schematic diagram showing a represen 
tative infusion system implanted in a Subject. 
0013 FIG. 3 is a schematic block diagram of components 
of representative infusion system. 
0014 FIG. 4 is a schematic diagram of a longitudinal 
section of a representative catheter. 



US 2008/O14005.6 A1 

0015 FIG. 5 is a schematic diagram showing typical flow 
patterns of cerebrospinal fluid through a human central ner 
Vous system. 
0016 FIGS. 6-8 are flow diagrams illustrating representa 

tive methods. 
0017 FIG.9 is a schematic depiction of the distribution of 
Aldurazyme(R) in the CNS of dogs in a study performed as 
discussed with regard to the Example presented herein. 
0018. The drawings are not necessarily to scale. Like num 
bers used in the figures refer to like components, steps and the 
like. However, it will be understood that the use of a number 
to refer to a component in a given figure is not intended to 
limit the component in another figure labeled with the same 
number. 

DETAILED DESCRIPTION 

0019. In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
and in which are shown by way of illustration several specific 
embodiments of devices, systems and methods. It is to be 
understood that other embodiments are contemplated and 
may be made without departing from the scope or spirit of the 
present invention. The following detailed description, there 
fore, is not to be taken in a limiting sense. 
0020 Devices and methods for delivering large molecules 

to the central nervous system (CNS) are discussed. The 
devices and methods described allow for less invasive and 
more effective procedures to be employed for delivering large 
molecules to the brain. 
0021. I. Definitions 
0022 All scientific and technical terms used herein have 
meanings commonly used in the art unless otherwise speci 
fied. The definitions provided herein are to facilitate under 
standing of certain terms used frequently herein and are not 
meant to limit the scope of the present disclosure. 
0023. As used herein, “subject’ means an animal into 
which a catheter or a portion thereof may be implanted and 
includes mammals, such as humans. 
0024. As used herein, “treat” means to subjectively or 
objectively alleviate at least one symptom of a disease. 
0025. As used herein, “disease” means a condition of a 
Subject or a portion thereof that impairs normal functioning 
and is typically manifested by signs or symptoms. Condition, 
disease, disorder and the like are used herein interchangeably. 
Sign and symptom are used herein interchangeably. 
0026. As used herein, “large molecule” means a molecule 
having a peptide bond, Such as a polypeptide, or a molecule 
having a phosphodiester bond, such as a polynucleic acid. 
0027. As used herein, "polypeptide' means a molecule 
comprising an amino acid or a derivative thereof joined by a 
peptide bond to another amino acid or derivative thereof and 
typically refers to a protein having an activity on a biological 
system. It will be understood that referral to a specific 
polypeptide. Such as leptin, includes any polypeptide having 
activity Substantially similar to the specific polypeptide. 
“Polypeptide' and "peptide' are used herein interchangeably. 
0028. As used herein, “nucleic acid' means a molecule 
comprising a nucleotide or nucleoside or derivative thereof. A 
"polynucleic acid', as used herein, means molecule compris 
ing a nucleotide, nucleoside, or a derivative thereof joined to 
another nucleotide, nucleoside, or a derivative thereof via a 
phosphodiester bond. It will be understood that referral to a 
polynucleic acid encoding a specific polypeptide includes a 
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nucleic acid encoding any polypeptide polypeptide having 
activity Substantially similar to the specific polypeptide. 
0029. As used herein, "comprising”, “including, and the 
like are used in an open-ended fashion, and thus should be 
interpreted to mean “including, but not limited to . . . . 
0030. As used in this specification and the appended 
claims, the singular forms “a”, “an', and “the encompass 
embodiments having plural referents, unless the content 
clearly dictates otherwise. As used in this specification and 
the appended claims, the term 'or' is generally employed in 
its sense including “and/or unless the content clearly dictates 
otherwise. 
0031 II. Infusion System 
0032. Any implantable infusion system having a reservoir 
from which fluid may be delivered to a target location of 
Subject may be employed in accordance with the methods 
described herein. 
0033 Referring to FIG. 1, a representative implantable 
infusion system is shown. A catheter 100 is connected to an 
infusion device 300 via a catheter connector 330. Infusion 
device 300 shown in FIG. 1 includes a refill port 310 in fluid 
communication with a reservoir 340 (shown with dashed 
lines to indicate that reservoir 340 is beneath hermetically 
sealed housing 350) for containing a fluid to be infused to into 
a subject via catheter 100, which is in fluid communication 
with reservoir 340. The depicted infusion device 300 also 
includes a catheter access port 320, which is in fluid commu 
nication with catheter 100. Fluid, e.g. fluid containing thera 
peutic agent, may be injected into catheter access port 320, 
e.g. to deliver a bolus of therapeutic agent. Examples of 
infusion devices 300 having injection ports 310 in fluid com 
munication with reservoirs and having catheter access ports 
320 are Medtronic, Inc.'s SynchroMed R series of infusion 
devices. Infusion device 300 may include an active or passive 
mechanism for delivering fluid through catheter 100. For 
example, reservoir 340 may be operably coupled to a pump 
(not shown) disposed within housing 350, Such as an osmotic, 
peristaltic, or piston pump, or the like. 
0034 Referring to FIG. 2, a programmable infusion 
device 300, such as Medtronic, Inc.'s SynchroMed R series of 
infusion devices, is shown implanted in a human. As shown in 
FIG. 2, distal end 30 of catheter 100 may be inserted into a 
Subject's spinal canal through a lumbar puncture and 
advanced rostrally through the spinal canal to a desired loca 
tion. Of course, therapeutic fluid may be directed to any 
desired location in a subject by proper placement of the cath 
eter. Proximal end 10 of catheter 100 is coupled to infusion 
device 300, which is typically implanted in the subject at a 
subcutaneous location. Infusion device 300 comprises a 
receiver 42 (or transmitter) which is capable of telemetric 
communication (or any other Suitable form of communica 
tion) with programmer 400. Programmer 400 may commu 
nicate with implantable infusion device 300 to adjust the 
amount of therapeutic agent delivered. Communication may 
be unidirectional; e.g., programmer 400 to infusion device 
300, or bi-directional. While not shown, it will be understood 
that one or more sensors may be operably coupled to infusion 
device 300 to alter the rate at which therapeutic agent is 
delivered. Programmable infusion devices are particularly 
amenable to alteration of infusion rate via sensors. 
0035. One advantage of the use of programmable infusion 
devices over non-programmable devices is that the rate of 
delivery of therapeutic agent from infusion device 300 may be 
altered as a Subject's condition warrants or to optimize thera 
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peutic efficacy. As described herein, it may be desirable to 
administer a substantially constant low level of therapeutic 
agent to keep catheter 100 patent while implanted and to 
deliver intermittent bolus dosages of therapeutic agent to 
achieve broad distribution of therapeutic agent and enhance 
efficacy. Such a delivery profile is readily obtainable through 
the use of programmable infusion devices. 
0036 Referring now to FIG.3, a block diagram of selected 
components of a representative infusion system is shown. The 
system includes an implantable infusion device 300 and a 
catheter 100 operably coupled to the infusion device 300 via 
a catheter connector 330. The infusion device 300 includes a 
pump 360 operably coupled to a reservoir 340 to deliver fluid 
to catheter 100. A processor 370 is operably coupled to the 
pump 360 to control the amount of fluid delivered from res 
ervoir 340 to catheter 100. As depicted, the infusion device 
300 may further include a telemetry module 380 for commu 
nication with a remote device. Such as an external program 
mer 400 (see FIG. 2). 
0037. It will be understood that infusion devices suitable 
for use with the methods described herein may include addi 
tional components or may omit some of the components 
illustrated in FIGS 1-3. 

0038. In general, it will be understood that catheter 100, or 
portions thereof, may be made of any material that is com 
patible with a subject in which catheter 100 is implanted and 
with fluid to be delivered through catheter 100. Material 
selection for the catheter may be based on mechanical prop 
erties of the tubing, drug stability (changes in the drug due to 
the catheter material), drug compatibility (changes in the 
catheter material due to the drug), biostability (changes in the 
material due to the in vivo environment), biocompatibility 
(effects of the material on the subject), and the like. Generally 
catheter 100 or portions thereof will be made of polymeric 
material Such as silicone, polyurethane, polyethylene, 
polypropylene, and the like. If polypeptides are to be deliv 
ered via catheter 100, it may be desirable to use polymeric 
materials other than silicone, as the polypeptide may adhere 
to or be absorbed into the silicone or may be degraded, or to 
coatalumen of a silicone catheter 100 with a material, such as 
a suitable polymeric material, to reduce adherence or absor 
bance of the polypeptide. 
0039 Referring now to FIG.4, alongitudinal cross section 
of a representative catheter 100 is shown. Catheter 100 has a 
proximal end 10 and a distal end 30. Proximal end 10 is 
configured to be coupled to an infusion device 300 (see, e.g., 
FIG. 1). Proximal end 10 of catheter 100 may be coupled to 
infusion device 300 using any known or future developed 
mechanism. Of course, catheter 100 may be coupled to 
another piece of tubing (not shown) via a connector (not 
shown) and the other piece of tubing can be coupled to influ 
sion device 300, provided that lumen 50 of catheter is in fluid 
communication with a reservoir. 

0040. As shown in FIG. 4, a delivery region 40 is located 
between proximal end 10 and distal end 30. Catheter 100 
comprises a lumen 50 extending from proximal end 10 to 
delivery region 40. Delivery region 40 in FIG. 4 is depicted as 
a side hole. However, it will be recognized that delivery 
region 40 may be one or more side holes, one or more porous 
regions (not shown) that extend around or Substantially 
around a portion catheter 100, an opening (not shown) at 
distal end 30, or the like. It may be desirable in many circum 
stances to have more than one opening for fluid to be deliv 
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ered or withdrawn in case one or more openings becomes 
clogged during or following implantation of catheter 100. 
0041. In various embodiments, catheter 100 is configured 
to deliver fluid to the cisterna magna (see FIG. 5) of a subject. 
In such embodiments, catheter 100 may be as described in 
copending U.S. patent application Ser. No. entitled 
“Intrathecal Catheter, having attorney docket number 
P0025086.02, and filed on the same date herewith, which 
copending application is hereby incorporated herein by ref 
erence in its entirety to the extent that it does not conflict with 
the disclosure presented herein. 
0042. III. Representative Methods 
0043. The methods described herein relate to delivery of 
therapeutic compositions to the intrathecal space of a Subject, 
particularly to inthrathecal space at a level of C3 or higher, 
e.g. the cisterna magna. 
0044 As presented herein, it has been found that delivery 
oflarge molecules to the intrathecal space at or above the level 
of C3 of the spinal canal serves to enhance broad delivery of 
the therapeutic agent to brain tissue. It will be understood that 
a level of C3 or above includes a level of C2 or above, C1 or 
above, or in the cisterna magna. Discussed below are a few 
illustrative methods for delivering a therapeutic agent to the 
intrathecal space at a level of C3 or higher. While the illus 
trative methods described below refer to use of catheter 100 
and infusion device 300, as described above, it will be under 
stood that any suitable catheter or infusion device may be 
employed in the described methods. 
0045 Referring to FIG. 5, a diagrammatic illustration of 
cerebrospinal fluid (CSF) 6 flow in subarachnoid space 3 of a 
human is shown. As used herein, “intrathecal” means the 
delivery of a Substance to the Subarachnoid space, which 
includes, among other areas, the spinal canal, the cisterna 
magna and the ventricles. The Subarachnoid space 3 is a 
compartment within the central nervous system that contains 
CSF 6. CSF6 exits the foramina of Magendie and Luschka to 
flow around the brainstem and cerebellum. The arrows within 
the subarachnoid space 3 in FIG.5 indicate CSF 6 flow. CSF 
6 is produced in the ventricular system of the brain and 
communicates freely with the subarachnoid space 3 via the 
foramina of Magendie and Luschka. The cistema magna 5 is 
the CSF 6 filled space below the cerebellum 11. 
0046) With regard to various methods described herein, 
reference is made to figures including flow diagrams. It will 
be understood that the methods described herein may be 
performed in any Suitable order and do not necessarily have to 
conform to the order presented in the flow diagrams depicted 
herein, and may in some circumstances be performed simul 
taneously or during overlapping periods of time. In addition, 
some steps of the described methods may be omitted or addi 
tional steps may be added as appropriate. Further, steps from 
various different embodiments presented herein may be com 
bined in any Suitable manner. 
0047 A. Advancement of Catheter Through Spinal Canal 
0048 Referring to FIG. 6, an illustrative method for deliv 
ering a large molecule intrathecally at a level of C3 or higher 
is depicted. As shown, a distal end 30 of a catheter 100 is 
introduced to the intrathecal space of the spinal canal at a 
lumbar or sacral region of a subject (1000). The catheter 100 
may be introduced through any known or future developed 
technique. One example includes introduction through stan 
dard lumbar puncture techniques. Once distal portion 20 of 
catheter 100 gains access to the intrathecal space of the spinal 
canal, distal end 30 of catheter 100 is advanced rostrally 
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through the spinal canal until a delivery region 40 of catheter 
100 is at a level of C3 or above (1010). Distal end 30 of 
catheter 100 may be advanced rostrally through the use of a 
styletor a guide catheter. Catheter 100 may be secured, e.g. by 
Sutures, near the entrance to the intrathecal space. The cath 
eter 100 may then be fluidly coupled to a reservoir 340 of an 
implantable infusion device 300 (1020), e.g. by tunneling 
proximal end 10 of catheter 100 subcutaneously to a region of 
the body where proximal end 10 may be connected with a 
catheter connector 330 of the infusion device 300. As used 
herein in, “fluidly couple” means to operably couple two or 
more devices or components such that the devices or compo 
nents are in fluid communication. 
0049 Regions where chronically implantable infusion 
devices 300 may be placed, and thus to where proximal end 
10 of catheter 100 may be tunneled, include the abdominal 
region, over the ribs, or in the pectoral region, such as the low 
pectoral region. 
0050. As shown in FIG. 6, a fluid composition containing 
a large molecule may then be delivered from the reservoir to 
the intrathecal space at C3 or above via the delivery region 40 
of the catheter 100 (1030). Of course, the fluid containing the 
large molecule can be introduced or dispensed in the reservoir 
340, e.g. by percutaneously inserting a needle into a refill port 
310 of the infusion device 300. 
0051 B. Cisterna Magna Puncture 
0052 Another representative way for delivering a large 
molecule intrathecally at a level of C3 or above is to introduce 
a delivery region 40 of catheter 100 directly into the cisterna 
magna. This can be accomplished through any known or 
future developed technique. One suitable technique is to 
introduce delivery region 40 of catheter 100 through a direct 
puncture of the cisterna magna. By way of example, standard 
introducer tool techniques for placement of a catheter into the 
intrathecal space may be used. If catheter 100 has a visual 
ization marker, Surgical navigation instrumentation may be 
employed to verify that delivery region 40 of catheter 100 is 
within the cisterna magna. A portion of catheter 100 external 
to the cisterna magna may be secured, e.g. using Sutures, e.g. 
with a Suture sleeve, or using any other know or future devel 
oped technique. 
0053. From a location outside the cisterna magna, proxi 
mal end 10 of catheter 100 may be placed within the subject 
at a location suitable for connection to an infusion device 300 
or may remain outside the body where therapeutic agent may 
be administered into catheter 100. The location of infusion 
device 300 will generally depend, among other things, on its 
size, shape, and conformability. For example, infusion device 
300 may be implanted behind the ear, as done with many 
implantable cochlear devices, or in the pectoral region of the 
Subject. Typically, rigid devices having a Volume of 80 cc or 
less may be comfortably placed in the pectoral region or an 
adult human. Of course, more flexible material, such as pli 
able bladders fluidly coupled to an implantable pump, may be 
comfortably placed in a variety of locations due to the con 
formability of such bladders. Regardless of where infusion 
device 300 is located, proximal end 10 of catheter 100 may be 
tunneled subcutaneously or otherwise to the location of the 
infusion device 300 and attached thereto. 
0054 When infusion device 300 is implanted in a pectoral 
region or other region of a Subject where strain may be placed 
on catheter 100 due to movement of the subject's head or 
neck, it may be desirable to place excess catheter 100 proxi 
mal to a Suture sleeve oranchor external to the cisterna magna 
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to permit strain relief during neck movement. Less excess 
catheter may be used with implant location behind the ear, as 
movement of a location behind the ear more closely follows 
that of the neck. 

0055 C. Pulsed Bolus Infusion 
0056. In various embodiments, a fluid composition 
including a large molecule is introduced intrathecally at a 
level of C3 or above via a pulsed bolus regimen. As used 
herein, “pulsed bolus' administration of a fluid composition 
means administration of intermittent boluses of the fluid. The 
intermittent boluses may be periodic or regular or may be 
irregular. Bolus delivery may impart convection of the thera 
peutic agent in a subject's CSF and may result in greater 
distribution of the therapeutic agent in the brain than continu 
ous infusion. However, for chronic delivery or where multiple 
deliveries over time are desirable, it may be desirable to keep 
the catheter patent. One way to keep the catheter patent is to 
infuse a low level of therapeutic agent chronically and infuse 
blouses on top of the background continuous infusion. Such a 
delivery profile is readily obtainable through the use of pro 
grammable infusion devices, such as Medtronic Inc.'s Syn 
chroMed R implantable infusion devices. For example, 
instructions may be provided by an external programming 
device 400 via telemetry to telemetry module 380 and stored 
in memory. Processor 370 may then instruct pump 360 to 
deliver fluid from reservoir 340 according to the programmed 
delivery profile. 
0057 To keep the catheter patent a delivery rate of about 1 
microliter per hour to about 40 microliters per hour should 
typically be delivered as the substantially constant low infu 
sion rate. Of course, it will be understood that the patency of 
the catheter 100 will depend the material forming the catheter, 
the inner and outer diameter of the catheter, and the like. 
Accordingly, the delivery rate to keep catheter 100 patent 
while implanted will vary from catheter to catheter. 
0.058 Implantable infusion devices 300 typically have a 
maximum obtainable delivery rate, which may vary from 
device to device. Generally it is desirable to deliver pulsed 
boluses at or near the maximum infusion rate of a device. 
Pulsed boluses delivered at a rate of between about 1 micro 
liter per minute to 1000 microliters per minute should gener 
ally be sufficient to obtain desired distribution of a large 
molecule contained in a fluid composition. In various 
embodiments, pulsed boluses are delivered at a rate of 
between about 10 microliters per minute to 100 microliters 
per minute. Of course it will be understood that the rate at 
which a bolus is delivered may not be constant and may 
include a ramp up period and a ramp down period. It will be 
further understood that the concentration of the large mol 
ecule in the fluid composition may be varied Such that appro 
priate daily doses and the like may be delivered according to 
the pulse bolus regimen selected. 
0059. The time in which the boluses are delivered may 
vary. Generally, pulses lasting about 15 seconds to about 30 
minutes should be sufficient to achieve a desirable amount of 
delivered agent and to achieve desired distribution. In various 
embodiments, the pulses may last between about 1 minute to 
about 5 minutes. 
0060 Pulsed boluses may be delivered intermittently, i.e. 
at regular or periodic intervals or at irregular intervals. Gen 
erally the time period between pulses is in the range of about 
1 hour to 28 days. In various embodiments, the time period 
between pulses is in the range of about 4 hours to 7 days. For 
example, in embodiments for the treatment of eating disor 
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ders, the time period between pulses is in the range of 4 hours 
to 12 hours; in embodiments for the treatment of enzyme 
deficiencies, the time period between pulses is in the range of 
4 days to 7 days. 
0061 Referring now to FIG. 7, an overview of a represen 

tative method is illustrated. As shown, the method includes 
implanting an infusion device 300 into a subject (1100) and 
introducing a fluid composition containing a large molecule a 
reservoir 340 of the device 300 (1110). The method further 
includes implanting a catheter 100 in the subject such that a 
delivery region 40 of the catheter 100 is positioned intrathe 
cally at a level of C3 or higher (1120). The catheter 100 is 
fluidly coupled to the reservoir (1130) and fluid is delivered 
from the reservoir 340 to the intrathecal space at a level of C3 
or above via the delivery region 40 of the catheter 100 at a 
substantially constant low infusion rate with intermittent 
boluses being delivered at a higher rate (1140). 
0062 Referring to FIG. 8, another representative method 

is illustrated in the flow diagram. The method combines por 
tions of the methods depicted in FIGS. 6-7. Of course it will 
be understood that any portions of any methods described 
herein may be combined with portions of other methods 
described herein or omitted, as appropriate. Briefly, the meth 
ods illustrated in FIG. 8 includes inserting a distal end 30 of a 
catheter 100 into intrathecal space of spinal canal through a 
lumbar or sacral region of a subject (1000), advancing distal 
end 30 of catheter 100 rostrally in spinal canal until a delivery 
region 40 of the catheter 100 is located at C3 or above (1010), 
fluidly coupling a reservoir 340 of an infusion device 300 to 
catheter 100 (1020), and delivering from the reservoir 340 via 
the delivery region 40 a fluid composition containing a large 
molecule intrathecally at C3 or above at a substantially con 
stant low infusion rate with intermittent boluses at a higher 
rate (1200). 
0063. D. Representative Therapeutic Methods 
0064. While it will be understood that the methods 
described above are applicable to delivery of nearly any large 
molecule to the brain, some examples of large molecules that 
may be delivered in accordance with the methods described 
above is provided for purposes of illustration. 
0065 1. Enzyme Replacement 
0066. The methods described herein may be applicable to 
the delivery of enzymes to the brain in subjects in need 
thereof. Enzyme replacement therapy to treat CNS disorders 
typically requires about 10% of the endogenous enzyme to be 
replaced. Thus, according to various embodiments, an 
enzyme or polypeptide capable of producing the enzymatic 
effect is introduced to the intrathecal space of a subject at a 
level of C3 or above in an amount sufficient to cause the 
enzyme or polypeptide to reach a level of about 10% or more 
of that endogenously present in a normal Subject in a location 
where the enzyme or polypeptide may produce a beneficial 
effect. A "normal Subject', as used herein, means (i) a subject 
that is free of the CNS enzymatic disorder to be treated or (ii) 
an average of subjects that are free of the CNS enzymatic 
disorder. One exemplary enzyme is alpha-L-iduronidase, 
Such as Aldurazyme R, which may be used to treat muco 
polysaccharidosis Type I (“MPS-I” or more commonly called 
Hurler or Hurler-Sheie Syndrome). 
0067 MPS-I is one of a class of diseases associated with a 
thickening of the meninges. For Such diseases, delivery of the 
appropriate enzyme replacement therapy may result in thin 
ning of the meninges which may assist Subsequent delivery of 
the enzyme to the brain through the thinned meninges. Of 
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course, any agent capable of enhancing passage of the large 
molecule enzyme replacement therapy to the brain tissue 
from the CSF may be desirably administered. A determina 
tion as to whether the meninges have Sufficiently thinned may 
be made prior to delivery of the enzyme replacement therapy, 
e.g. by imaging techniques, or the enzyme replacement 
therapy may be administered after Sufficient time has passed 
for the meninges to have thinned. 
0068 Aldurazyme(R) may be administered to the CSF 
according to the regimens described above at any Suitable 
dose that may achieve about 10% or more of normal enzyme 
activity. Typically a daily dose of between about 3 micro 
grams per kilogram per day and about 50 micrographs per 
kilogram per day may be administered. In various embodi 
ments a daily dose of between about 5 micrograms per kilo 
gram per day and 10 micrograms per kilogram per day is 
administered. Aldurazyme is commercially available from 
Biomarin, Inc., at a concentration of 0.58 mg/ml. However, it 
will be understood that more dilute compositions may be used 
or more concentrated formulations prepared. 
0069. 2. Modification of Eating Behavior 
0070. In various embodiments, eating behavior may be 
modified by delivering, according to the methods described 
above, a gut hormone, a pancreatic hormone, an adipose 
tissue derived hormone or a hormone activated by a guthor 
mone, a pancreatic hormone, or an adipose tissue derived 
hormone. Such hormones are large molecule peptide hor 
mones. When referring to a "peptide hormone' herein, it will 
be understood that reference is being made to the wild-type 
isoform of the peptide hormone and active fragments and 
variants thereof. By “active fragment” and “active variant' is 
meant, a fragment or variant that elicits or at least partially 
elicits a response similar to that of the wild-type peptide 
hormone at a respective peptide hormone receptor. 
0071 Modification of eating behavior using the above 
referenced peptide hormones may be useful in treating or 
investigating eating disorders, such as obesity, anorexia ner 
vosa, and bulemia. When used for treating a disorder in a 
human Subject, an administered peptide hormone will typi 
cally be a recombinant human peptide hormone. Examples of 
gut hormones that may be used to modify eating behavior 
include ghrelin, glucagon-like peptide-1, oxyntomodulin, 
peptide YY, and cholecystokinin. Insulin is an example of a 
pancreatic hormone that may be useful in modifying eating 
behavior when delivered in accordance with the methods 
described above, while leptin is an example of an adipose 
tissue derived hormone. Melanocyte-stimulating-hormone 
(MSH) is a hormone that is activated by a gut hormone, a 
pancreatic hormone, or an adipose tissue derived hormone 
that may alter eating behavior. 
0072. When treating obesity, it may be desirable to adjust 
the amount of the polypeptide infused based on the subject's 
weight. For example, additional polypeptide may be deliv 
ered if the Subject's weight does not decrease or less polypep 
tide may be delivered if the subjects weight decreases. The 
amount of polypeptide delivered may be adjusted by a treat 
ing physician or may be adjusted by an infusion device receiv 
ing feedback on the patient's appetitive state, e.g. via a glu 
cose sensor or the patient entering the patient's weight into a 
programmer 400. It will be understood that overall body 
weight, body fat percentage or other indicator of obesity may 
also be used as feedback to adjust the amount of polypeptide 
delivered to treat obesity. The amount of polypeptide deliv 
ered may be varied at certain times of the day, etc. The use of 
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a programmable infusion device 300, such as Medtronic, 
Inc.'s SynchroMedR line of implantable infusion devices, 
readily allows for such variations in delivery rate. 
0073. The peptide hormones described herein may be 
administered at any Suitable dose capable of achieving a 
desired modification of eating behavior and may be altered as 
. By way of example, leptin may be administered at a daily 
dose of between about 1x10 mg/kg/day and about 1x10' 
mg/kg/day. In various embodiments leptin is administered at 
a daily dose of between about 1x10 mg/kg/day and about 
1x10 mg/kg/day. 
0074 The peptide hormones described herein may befor 
mulated at any suitable concentration to achieve the daily 
doses according to the selected delivery regimen. By way of 
example, leptin may be formulated at concentrations of 
between about 0.05 mg/ml and about 5 mg/ml. In various 
embodiments leptin is formulated at a concentration of 
between about 0.5 mg/ml and about 1 mg/ml. 
0075 VI. Therapeutic Compositions 
0076 According to the methods described herein fluid 
compositions including large molecules may be administered 
to target locations of subjects. It will be understood that the 
compositions are fluid at room temperature. 
0077. Fluid compositions include solutions, suspensions, 
dispersions, and the like. Fluid solutions, Suspensions, or 
dispersions may be formulated according to techniques well 
known in the art (see, for example, Remington's Pharmaceu 
tical Sciences, Chapter 43, 14th Ed., Mack Publishing Co., 
Easton, Pa.), using Suitable dispersing or wetting and Sus 
pending agents, such as sterile oils, including synthetic 
mono- or diglycerides, and fatty acids, including oleic acid. 
0078 Fluid compositions containing large molecules may 
be prepared in water, saline, isotonic saline, phosphate-buff 
ered saline, citrate-buffered saline, and the like and may 
optionally mixed with a nontoxic Surfactant. Dispersions may 
also be prepared in glycerol, liquid polyethylene, glycols, 
DNA, vegetable oils, triacetin, and the like and mixtures 
thereof. Under ordinary conditions of storage and use, these 
preparations may contain a preservative to prevent the growth 
of microorganisms. Pharmaceutical dosage forms suitable for 
injection or infusion include sterile, aqueous solutions, Sus 
pensions, or dispersions or sterile powders comprising an 
active ingredient which powders are adapted for the extem 
poraneous preparation of sterile injectable or infusible solu 
tions or dispersions. Preferably, the ultimate dosage form is a 
sterile fluid and stable under the conditions of manufacture 
and storage. A liquid carrier or vehicle of the Solution, Sus 
pension or dispersion may be a diluent or solvent or liquid 
dispersion medium comprising, for example, water, ethanol, 
a polyol Such as glycerol, propylene glycol, or liquid poly 
ethylene glycols and the like, vegetable oils, nontoxic glyc 
eryl esters, and suitable mixtures thereof. Proper fluidity of 
Solutions, Suspensions or dispersions may be maintained, for 
example, by the formation of liposomes, by the maintenance 
of the desired particle size, in the case of dispersion, or by the 
use of nontoxic surfactants. The prevention of the action of 
microorganisms can be accomplished by various antibacte 
rial and antifungal agents, for example, parabens, chlorobu 
tanol, phenol, Sorbic acid, thimerosal, and the like. In many 
cases, it will be desirable to include isotonic agents, for 
example, Sugars, buffers, or sodium chloride. Prolonged 
absorption of the injectable compositions can be brought 
about by the inclusion in the composition of agents delaying 
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absorption—for example, aluminum monosterate hydrogels 
and gelatin. Excipients that increase solubility, Such as cyclo 
dextrin, may be added. 
007.9 The concentration of large molecules may be 
readily determined and varied as conditions warrant based on 
the disease to be treated or the response of the subject to the 
treatment. 

0080 For prolonged delivery of a fluid composition to a 
subject, it may be desirable for the composition to be isotonic 
tissue into which the composition is being delivered. For 
example, the fluid composition may be isotonic with a Sub 
ject's CSF, CSF typically has a tonicity of about 305 mCsm. 
Accordingly, fluid compositions intended for intrathecal 
delivery may advantageously has a tonicity of about 290 
mOsm to about 320 mOsm. If during formulation the com 
position has a tonicity lower than about 290 mOsm to about 
320 mOsm, the tonicity may be enhanced by adding a tonicity 
enhancing agent, such as sodium chloride. As used herein, 
"tonicity enhancing agent’ means a compound or composi 
tion that increases tonicity of a composition. However, Such 
tonicities of between about 290 mOsm to about 320 mOsm 
are not always achievable. For example, high concentrations 
of large molecules themselves when dissolved in water may 
result in a tonicity of greater than 320 mOsm. When the 
concentration of the large molecule in a fluid composition 
renders the composition hypertonic relative to a subject's 
physiological fluid, it is preferred that little or no amount of a 
tonicity enhancing agent be added to the composition. How 
ever, it will be recognized that it may desirable to add one or 
more additional compounds to the composition even though 
the addition of the additional compound(s) will further 
increase tonicity of the composition. For example, it may be 
desirable to add to the composition an additional therapeutic 
agent, stabilizing compound, preservative, solubilizing 
agent, buffer, etc., even though tonicity will be increased. 
I0081 Sterile fluid compositions may be prepared by 
incorporating the large molecule in the desired amount in the 
appropriate diluent or solvent with various other ingredients, 
e.g. as enumerated above, and, as desired, followed by Ster 
ilization. Any means for Sterilization may be used. For 
example, sterilization may be accomplished by heating, fil 
tering, aseptic technique, and the like, or a combination 
thereof. In some circumstances it may be desirable to obtain 
a sterile powder for the preparation of sterile injectable solu 
tions. Such sterile powders may be prepared by vacuum dry 
ing and freeze-drying techniques, which yield a powder of the 
active ingredient plus any additional desired ingredient 
present in a previously sterile-filtered solution. 
I0082) Regardless of the large molecule to be delivered, it 
may be desirable to conjugate the large molecule with a 
molecule capable of enhancing uptake of the large molecule 
into cells. Conjugation may be done according to any known 
or future developed technique with any known or future 
developed conjugate. One example is the conjugation of 
polypeptides with mannose, e.g. as described US Patent Pub 
lication No. 2005/0208090. US Patent Publication No. 2005/ 
0208090 also describes various other components to compo 
sitions that may be useful for delivering molecules to the CNS 
of a subject, which other components may be useful for the 
methods and systems discussed herein. 
0083. While much of the discussion herein is focused on 
the delivery of large molecules, it will be understood that the 
delivery of Small molecules (i.e., molecules other than large 
molecules) to tissues, such as the brain, may also be enhanced 



US 2008/O14005.6 A1 

by the methods described herein. For example, a first com 
position containing a drug or Small or large molecule and a 
second composition containing a non-viral or viral vector or 
a small or large molecule may be delivered to a location 
within a patient. Such as the patient's central nervous system 
(CNS). 
I0084 VII. Polypeptides and Polynucleic Acids 
0085 Sequences for polypeptides and polynucleic acids 
Suitable for being applied for therapeutic or investigatory 
purposes as described herein can readily be obtained by those 
of skill in the art. For example, numerous publications have 
provided examples of sequences that may be acceptable for 
protein replacement therapy or for target gene Suppression. In 
addition, the GenBank database or other similar databases 
may be searched to obtain sequences of proteins or genes of 
interest. Replacement polypeptides and polynucleic acids 
encoding replacement polypeptides and inhibitory polynuc 
loetides may readily be designed based on the sequences 
provided in Such databases. 
I0086 A replacement polypeptide may be synthesized 
according to known chemical techniques or may be produced 
and purified via known molecular biological techniques. As 
such techniques are well known, only a brief overview is 
provided below. 
0087. The form of a polynucleic acid present in a fluid 
composition as described herein will depend on the intended 
function of the polynucleic acid. For example, if the poly 
nucleic acid is to serve as gene therapy, the polynucleic acid 
will be present in an expression vector. Voluminous publica 
tions, including published patent applications and patents, 
describe how to effectively produce expression vectors, and 
thus are not described herein in detail. In numerous embodi 
ments, the expression vector is a viral expression vector, Such 
as an adeno-associated viral vector. 
0088. If the polynucleic acid is an inhibitory polynucleic 
acid configured to Suppress expression of a target gene, the 
polynucleic acid will be present in a suitable form, such as 
short interfering nucleic acid (siNA), short interfering RNA 
(siRNA), double-stranded RNA (dsRNA), micro-RNA 
(miRNA), short hairpin RNA (shRNA), or the like. A detailed 
description of suitable forms of such inhibitory polynucleic 
acids are described in numerous publications, including pub 
lished patent applications and patents and thus are not 
described herein in great detail. One example of a patent 
publication providing a detailed description of inhibitory 
polynucleotudes is U.S. Patent Application Publication Num 
ber 20070270579. 
0089. The discussion that follows is similar to that pro 
vided in U.S. Published Patent Application No. 
20070238642. While the discussion is related to production 
of a replacement polypeptide, it will be understood that many 
of the concepts provided below may also be employed with 
regard to generating a polynucleic acid encoding a second 
polypeptide for use in the methods described above. 
0090 The replacement polypeptide may be made by syn 
thesis in recombinant cell culture. For such synthesis, a poly 
nucleic acid that encodes the replacement polypeptide is 
secured. DNA encoding the replacement polypeptide mol 
ecule may be obtained from tissue in which the endogenous 
protein is expressed by (a) preparing a cDNA library from 
these cells, (b) conducting hybridization analysis with 
labeled DNA encoding the endogenous protein or fragments 
thereof (up to or more than 100 base pairs in length) to detect 
clones in the library containing homologous sequences, and 
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(c) analyzing the clones by restriction enzyme analysis or 
nucleic acid sequencing to identify full-length clones. DNA 
that is capable of hybridizing to endogenous protein-encod 
ing DNA under low stringency conditions is useful for iden 
tifying DNA encoding the endogenous protein. If full-length 
clones are not present in a cDNA library, then appropriate 
fragments may be recovered from the various clones using the 
nucleic acid sequence information and ligated at restriction 
sites common to the clones to assemble a full-length clone 
encoding the endogenous protein or replacement polypep 
tide. Alternatively, genomic libraries will provide the desired 
DNA 

0091. Once this DNA has been identified and isolated 
from the library it may be ligated into a replicable vector for 
further cloning or for expression. For example, a peptide 
encoding gene can be expressed in mammalian cells by trans 
formation of the mammalian cells with an expression vector 
comprising DNA encoding the peptide. It is preferable to 
transform host cells capable of accomplishing Such peptide 
expression so as to obtain the peptide in the culture medium or 
periplasm of the host cell, e.g., obtain a secreted molecule. 
0092. The vectors and methods for obtaining a replace 
ment polypeptide disclosed herein may be suitable for use in 
host cells over a wide range of prokaryotic and eukaryotic 
organisms. In general, of course, prokaryotes are preferred 
for the initial cloning of DNA sequences and construction of 
vectors. For example, E. coli K12 strain MM294 (ATCC No. 
31,446) is particularly useful. Other microbial strains that 
may be used include E. coli strains such as E. coli B and E. 
coli X1776 (ATCC No. 31.537). These examples are, of 
course, intended to be illustrative rather than limiting. 
0093 Prokaryotes may also be used for expression. The 
aforementioned strains, as well as E. coli strains W3110 (F- 
lambda-, prototrophic, ATCC No. 27.325), K5772 (ATCC 
No. 53,635), and SR11, bacilli such as Bacillus subtilis, and 
other enterobacteriaceae Such as Salmonella typhimurium or 
Serratia marcesans, and various pseudomonas species, may 
be used. 
0094. In general, plasmid vectors containing replicon and 
control sequences that are derived from species compatible 
with the host cell are used in connection with these hosts. The 
vector ordinarily carries a replication site, as well as marking 
sequences that are capable of providing phenotypic selection 
in transformed cells. For example, E. coli is typically trans 
formed using pBR322, a plasmid derived from an E. coli 
species (see, e.g., Bolivar et al., Gene, 2: 95 1977). pBR322 
contains genes for amplicillin and tetracycline resistance and 
thus provides easy means for identifying transformed cells. 
The pBR322 plasmid, or other microbial plasmid or phage, 
must also contain, or be modified to contain, promoters that 
can be used by the microbial organism for expression of its 
own proteins. 
0.095 Those promoters most commonly used in recombi 
nant DNA construction include the b-lactamase (penicilli 
nase) and lactose promoter systems (Chang et al., Nature, 
375: 615 1978); Itakura et al., Science, 198: 1056 (1977; 
Goeddelet al., Nature 281: 544 1979) and a tryptophan (trp) 
promoter system (Goeddeletal. Nucleic Acids Res., 8: 4057 
1980: EPO Appl. Publ. No. 0036,776). While these are 
commonly used, other microbial promoters have been dis 
covered and utilized, and details concerning their nucleotide 
sequences have been published, enabling a skilled worker to 
ligate them functionally with plasmid vectors (see, e.g., Sie 
benlist et al., Cell, 20: 269 1980). 
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0096. In addition to prokaryotes, eukaryotic microbes, 
Such as yeast cultures, may also be used. Saccharomyces 
cerevisiae, or common baker's yeast, is the most commonly 
used among eukaryotic microorganisms, although a number 
of other strains are commonly available. For expression in 
Saccharomyces, the plasmidYRp7, for example (Stinchcomb 
et al., Nature, 282: 39 (1979: Kingsman et al., Gene, 7: 141 
1979: Tschemperet al., Gene, 10:157 (1980), is commonly 

used. This plasmid already contains the trp1 gene that pro 
vides a selection marker for a mutant strain of yeast lacking 
the ability to grow in tryptophan, for example, ATCC No. 
44,076 or PEP4-1 (Jones, Genetics, 85: 12 1977). The pres 
ence of the trp 1 lesion as a characteristic of the yeast host cell 
genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. 
0097 Suitable promoting sequences in yeast vectors 
include the promoters for 3-phosphoglycerate kinase (Hitze 
man et al., J. Biol. Chem. 255: 2073 (1980) or other glyco 
lytic enzymes (Hess et al., J. Adv. Enzyme Reg., 7: 149 
1968; Holland et al., Biochemistry, 17: 4900 1978), such 
as enolase, glyceraldehyde-3-phosphate dehydrogenase, 
hexokinase, pyruvate decarboxylase, phosphofructokinase, 
glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphoglucose 
isomerase, and glucokinase. In constructing Suitable expres 
sion plasmids, the termination sequences associated with 
these genes are also ligated into the expression vector 3' of the 
sequence desired to be expressed to provide polyadenylation 
of the mRNA and termination. Other promoters, which have 
the additional advantage of transcription controlled by 
growth conditions, are the promoter region for alcohol dehy 
drogenase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, and the afore 
mentioned glyceraldehyde-3-phosphate dehydrogenase, and 
enzymes responsible for maltose and galactose utilization. 
Any plasmid vector containing yeast-compatible promoter, 
origin of replication and termination sequences is suitable. 
0098. In addition to microorganisms, cultures of cells 
derived from multicellular organisms may also be used as 
hosts. In principle, any such cell culture is workable, whether 
from vertebrate or invertebrate culture. However, interest has 
been greatest in vertebrate cells, and propagation of verte 
brate cells in culture (tissue culture) has become a routine 
procedure Tissue Culture, Academic Press, Kruse and 
Patterson, editors (1973). Examples of such useful host cell 
lines are VERO and HeLa cells, Chinese hamster ovary 
(CHO) cell lines, and W138, BHK, COS-7, 293, and MDCK 
cell lines. Expression vectors for such cells ordinarily include 
(if necessary) an origin of replication, a promoter located in 
front of the gene to be expressed, along with any necessary 
ribosome binding sites, RNA splice sites, polyadenylation 
sites, and transcriptional terminator sequences. 
0099 For use in mammaliancells, the control functions on 
the expression vectors are often provided by viral material. 
For example, commonly used promoters are derived from 
polyoma, Adenovirus2, and most frequently Simian Virus 40 
(SV40). The early and late promoters of SV40 virus are 
particularly useful because both are obtained easily from the 
virus as a fragment that also contains the SV40 viral origin of 
replication Fiers et al., Nature, 273: 113 (1978). Smaller or 
larger SV40 fragments may also be used, provided there is 
included the approximately 250-bp sequence extending from 
the HindIII site toward the BgII site located in the viral origin 
of replication. Further, it is also possible, and often desirable, 
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to utilize promoter or control sequences normally associated 
with the desired gene sequence, provided Such control 
sequences are compatible with the host cell systems. 
0100. An origin of replication may be provided either by 
construction of the vector to include an exogenous origin, 
such as may be derived from SV40 or other viral (e.g., 
Polyoma, Adeno, VSV, BPV) source, or may be provided by 
the host cell chromosomal replication mechanism. If the vec 
tor is integrated into the host cell chromosome, the latter is 
often sufficient. 
0101 Satisfactory amounts of protein are produced by cell 
cultures; however, refinements, using a secondary coding 
sequence, serve to enhance production levels even further. 
One secondary coding sequence comprises dihydrofolate 
reductase (DHFR) that is affected by an externally controlled 
parameter, Such as methotrexate (MTX), thus permitting con 
trol of expression by control of the methotrexate concentra 
tion. 
0102. In selecting a preferred host cell for transfection by 
the vectors of the invention that comprise DNA sequences 
encoding both replacement polypeptide and DHFR protein, it 
is appropriate to select the host according to the type of DHFR 
protein employed. If wild-type DHFR protein is employed, it 
is preferable to select a host cell that is deficient in DHFR, 
thus permitting the use of the DHFR coding sequence as a 
marker for Successful transfection in selective medium that 
lacks hypoxanthine, glycine, and thymidine. An appropriate 
host cell in this case is the Chinese hamster ovary (CHO) cell 
line deficient in DHFR activity, prepared and propagated as 
described by Urlaub and Chasin, Proc. Natl. Acad. Sci. (USA) 
77:4216 (1980). 
(0103) On the other hand, if DHFR protein with low bind 
ing affinity for MTX is used as the controlling sequence, it is 
not necessary to use DHFR-deficient cells. Because the 
mutant DHFR is resistant to methotrexate, MTX-containing 
media can be used as a means of selection provided that the 
host cells are themselves methotrexate sensitive. Most 
eukaryotic cells that are capable of absorbing MTXappear to 
be methotrexate sensitive. One such useful cell line is a CHO 
line, CHO-KI (ATCC No. CCL 61). 
0104 Construction of suitable vectors containing the 
desired coding and control sequences employs standard liga 
tion techniques. Isolated plasmids or DNA fragments are 
cleaved, tailored, and religated in the form desired to prepare 
the plasmids required. If blunt ends are required, the prepa 
ration may be treated for 15 minutes at 15°C. with 10 units of 
Polymerase I (Klenow), phenol-chloroform extracted, and 
ethanol precipitated. 
0105 Size separation of the cleaved fragments may be 
performed using 6 percent polyacrylamide gel described by 
Goeddelet al., Nucleic Acids Res., 8: 4057 (1980). 
0106 For analysis to confirm correct sequences in plas 
mids constructed, the ligation mixtures are typically used to 
transform E. coli K12 strain 294 (ATCC 31,446) or other 
Suitable E. coli strains, and Successful transformants selected 
by amplicillin or tetracycline resistance where appropriate. 
Plasmids from the transformants are prepared and analyzed 
by restriction mapping and/or DNA sequencing by the 
method of Messinget al., Nucleic Acids Res., 9:309 (1981) or 
by the method of Maxam et al., Methods of Enzymology, 65: 
499 (1980). 
0.107 After introduction of the DNA into the mammalian 
cell host and selection in medium for stable transfectants, 
amplification of DHFR-protein-coding sequences is effected 
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by growing host cell cultures in the presence of approxi 
mately 20,000-500,000 nM concentrations of methotrexate, a 
competitive inhibitor of DHFR activity. The effective range 
of concentration is highly dependent, of course, upon the 
nature of the DHFR gene and the characteristics of the host. 
Clearly, generally defined upper and lower limits cannot be 
ascertained. Suitable concentrations of other folic acid ana 
logs or other compounds that inhibit DHFR could also be 
used. MTX itself is, however, convenient, readily available, 
and effective. 
0108. Of course, it will be understood that the above dis 
cussion only provides an illustration of some of the ways in 
which microbiological or recombinant techniques may be 
applied to generate polypeptides and poly nucleic acids use 
ful with the methods described herein. It will be further under 
stood that any Suitable method for preparing Such large mol 
ecules may be employed. 

EXAMPLES 

Example 1 

Broad Distribution of Aldurazyme(R) Via Bolus 
Intrathecal Delivery at C3 or Higher 

0109 I. Overview 
0110. A total of fifteen canines were implanted in this 
study to get 12 animals to term. Canines were randomly 
placed into four groups: (1) Bolus, (2) Buffer only Control 
Group, (3) Low dose chronic Aldurazyme group, (4) High 
dose chronic Aldurazyme group. Bolus animals received four 
weekly injections of Aldurazyme into the cisterna magna. 
These animals were euthanized two days post final bolus 
injection. All remaining groups had an intrathecal catheter 
Surgically implanted into the Sub-arachnoid space Surround 
ing the spinal cord with the distal outlet of the catheter exter 
nalized and connected to an external pump that was placed in 
the pocket of the jacket worn by the animal. Pumps were 
programmed to deliver infusate (designated treatment) at a 
rate of 56 microliters per hour. The externalized pumps had 
small reservoirs that were removed and replaced with freshly 
filled reservoirs containing the designated treatment once 
every other day. At the end of 21 days the pumps were turned 
off. At 23 days the animals were euthanized. 
0111 Pumps were refilled every 2 days with 3 ml of infu 
sate (buffer, low dose Aldurazyme, or high dose Aldura 
Zyme). During the refill procedure the residual volumes of 
fluid in the reservoir were weighed and the volume was mea 
Sured. The programmed flow rate of the pump implies that a 
total of approximately 2.69 ml should have been delivered. 
This Volume of course is contingent on the time of day that 
actual change outs occurred. The residual Volume amounts 
measured are acceptable and the data Supports that the cath 
eters were continuously patent for the duration of the study 
and that appropriate Volume of infusate was delivered. 
0112 Fluoroscopic images indicated that for all animals 
that had catheters implanted that the catheters’ tip location 
was not significantly changed throughout the study duration. 
0113. Histopathologic analysis revealed a difference in 
response to the various treatment groups. Treatment groups 
could be ranked from those causing the least tissue change to 
those causing the most tissue changes: Catheter with buffer, 
Aldurazyme bolus, low-dose Aldurazyme thru catheter, and 
high dose Aldurazyme thru catheter. 
0114 For all animals, canine brain and spinal cord tissue 
samples were prepared and blind coded. Alpha-L-idu 
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ronidase levels in the tissues were determined on via bio 
chemical assay. The alpha-L-iduronadase data Supports that 
there were statistically significant differences among experi 
mental groups in terms of Aldurazyme uptake in the tissue. 
0.115. In this study, chronic, continuous delivery of Aldu 
razyme enzyme into the cerebrospinal fluid (CSF) of normal 
dogs via the intrathecal route resulted in detectable elevation 
of alpha-L-iduronidase enzyme levels in various regions of 
the brain and spinal cord tissue above endogenous levels. 
Pump residual volume data supports that the catheter was 
patent throughout the study and that infusate was delivered. 
The fluoro images of the implanted system showed no evi 
dence of movement documenting stability and integrity of the 
implanted hardware and noting delivery as close to C1 as 
possible. Histopathologic results note a difference in tissue 
response to the various treatment groups. The alpha-L-idu 
ronadase data Supports that there were statistically significant 
differences among experimental groups in terms of Aldura 
Zyme uptake in the tissue. The data from this preclinical study 
demonstrates there are differences in terms of Aldurazyme 
penetration levels with regard to the different modes of dos 
1ng 

0116 II. Study Design 
0117 Dogs were randomly placed into four groups, with 
three dogs per group: (1) Bolus Aldurazyme control group: 
These dogs received four weekly injections of Aldurazyme 
into the CSF of the cisterna magna, at a dose of 1 milligram 
per injection. The standard Aldurazyme formulation (0.58 
mg/ml of recombinant human alpha-L-iduronidase, 150 mM 
NaCl, 100 mM sodium phosphate, pH 5.8, and 0.001% 
polysorbate 80) as manufactured by Genzyme, was used. This 
group replicated the treatment studied by Kakkis et al. (2004). 
All remaining animals had an intrathecal catheter Surgically 
implanted into Subdural space Surrounding the spinal cord, 
with the distal outlet of the catheter positioned in the high 
thoracic region. The body of the catheter was anchored 
securely and passed transcutaneously to the external pump 
and placed in the pocket of the jacket worn by the dog. (2) 
Buffer only control group: The pump reservoir in these dogs 
was filled with the standard formulation buffer only (150 mM 
NaCl, 100 mM sodium phosphate, pH 5.8, 0.001% polysor 
bate 80, as supplied by Genzyme) with no enzyme. The pump 
was programmed to deliver 56 microliters of solution to the 
intrathecal CSF per hour. This group controlled for any pos 
sible unforeseen effects of the chronic delivery of the formu 
lation buffer. (3) Low dose chronic Aldurazyme group: The 
pump reservoir was filled with Aldurazyme diluted 1:4 with 
the standard formulation buffer to an enzyme concentration 
of 0.145 mg/ml. The pump was programmed to deliver 56 
microliters per hour of solution to the intrathecal CSF, deliv 
ering a cumulative total of 4.0 mg of Aldurazyme over 21 
days. This group of dogs received the same cumulative 
amount of Aldurazyme over the same cumulative number of 
days as the bolus Aldurazyme control group. (4) High dose 
chronic Aldurazyme group: the pump reservoir was filled 
with Aldurazyme in the standard formulation buffer at a con 
centration of 0.58 mg/ml. The pump was programmed to 
deliver 56 microliters per hour of solution to the intrathecal 
CSF, delivering a cumulative total of 16.0 mg of Aldurazyme 
over 21 days. This group of dogs received four times the 
cumulative amount of Aldurazyme, over the same cumulative 
number of days, as the other treated groups. The pumps 
selected for this study had small reservoirs that were removed 
and replaced with reservoirs containing fresh solution (Low 
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dose Aldurazyme, High Dose Aldurazyme, or buffer only) 
once every other day. At the end of 21 days the pumps reser 
voirs were emptied and the pumps were turned off. At day 23 
post-op the animals were euthanized. 
0118 III. Acronyms 
0119. In this Example section, “CSF refers to cerebrospi 
nal fluid, “CBC refers to complete blood count, and “IDU 
refers to iduronadase. “Aldurazyme” refers to alpha-L-idu 
ronidase available from from Genzyme Therapeutics, 500 
Kendall Street, Cambridge, Ma. 02142. Aldurazyme is a reg 
istered trademark of BioMarin/Genzyme LLC. “Paradigm' 
pump refers to an external infusion device available from 
Medtroinc MiniMed, Inc. 18000 Devonshine Street, 
Northridge, Calif. 91325-1219. Paradigm is a registered 
trademark of Medtronic MiniMed Inc. 
0120 IV. Test Articles, Control Articles and Test Systems 
0121 A Medtronic Minimed Paradigm 508 pump was 
used to deliver compositions to the test subjects as follows: 
Low Dose Continuous Aldurazyme; Low dose continuous 
intrathecal infusion of Aldurazyme (0.145 mg/ml, cumulative 
dose of 4.0 mg over 21 days); and High Dose Continuous 
Aldurazyme: High dose continuous intrathecal infusion of 
Aldurazyme (0.58 mg/ml, cumulative dose of 16.0 mg over 
21 days) via Paradigm 508 pump. 
0122 Aldurazyme (BioMarin Pharmaceutical Inc. 105 
Digital Drive, Novato, Calif. 94949) was supplied as a sterile 
Solution in clear glass 5 mL vials (2.9 mg idronidase per 5 
mL), and was stored under refrigeration at 2C to 8C (36 to 46 
F). (The instructions “DO NOT FREEZE OR SHAKE" were 
followed). The diluted solution was used immediately. 
0123. A Paradigm 508 pump was used to deliver continu 
ous intrathecal infusion of the formulation buffer for Aldura 
ZymeR), but enzyme-free. Aldurazyme was delivered in four 
weekly bolus injections of 1 mg of Aldurazyme into the 
cisterna magna (replicates condition from a previously pub 
lished study, Kakkis et al., 2004, Molecular Genetics and 
Metabolism). 
0124 Intrathecal catheters were fabricated from PE-10 
tubing having an o.d. of 0.61 mm and an i.d. of 0.28 mm. A 
platinum radiopaque marker band near the delivery region of 
the catheter was used to Verify navigation and placement of 
the catheter. 
0.125. The subjects used in this study were adult male dogs 
weighing from 23-24 kg obtained from a USDA Class A 
breeder. 
0126 V. Pre-Implant 
0127 Pre-operative antibiotics were started prior to sur 
gery, and pre-operative analgesics were started within 24 hrs 
of Surgical procedure. Animals were induced with a short 
acting barbiturate or short acting hypnotic. Isoflurane was 
used to maintain the animal at an appropriate plane of anes 
thesia. Comparable Substitutes were used on occasion by 
Veterinary discretion. Steroid medications were not given. 
0128. The animals were fasted prior to surgery and were 
bathed within 48 hrs of surgical procedure. 
0129. Complete blood count (CBC) including white blood 
cell differentiation, red blood cell morphology, and coagula 
tion testing was done within ten days prior to the day of 
implant. 
0130 VI. Surgery 
0131 Animals were kept on rotating antibiotics for the 
duration of the study. With the exception of Dii.328904 that 
was termed at 24 days due to a holiday, all animals were 
termed 23 days after implant. 
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TABLE 1 

Implant Scheme: duration and infusate 

Duration of 
Implant or 
of Treatment Infusate 

Implant Date or 
First Euthanasia 

Dog Number Treatment Date Date 

OO1491 May 3, 2005 May 26, 2005 23 days Bolus 
328904 May 9, 2005 Jun. 2, 2005 24 days Bolus 
328899 May 16, 2005 Jun. 8, 2005 23 days Buffer 
328907 May 17, 2005 Jun. 9, 2005 23 days Buffer 
328976 May 31, 2005 Jun. 23, 2005 23 days Low dose 
328968 Jun. 6, 2005 Jun. 29, 2005 23 days High dose 
328901 Jun. 7, 2005 Jun. 30, 2005 23 days Bolus 
328971 Jun. 29, 2005 Jul. 22, 2005 23 days High dose 
328978 Jun. 29, 2005 Jul. 22, 2005 23 days High dose 
329018 Jul. 11, 2005 Aug. 3, 2005 23 days Low dose 
329020 Jul. 11, 2005 Aug. 3, 2005 23 days Low dose 
329017 Jul. 13, 2005 Aug. 5, 2005 23 days Buffer 

I0132) For dogs receiving pumps with intrathecal catheters, 
a hemi-laminectomy was performed. The catheter was 
implanted into the intrathecal space via lumbar puncture, and 
the delivery region was advanced rostrally and positioned as 
close to the cisterna magna as possible. A stylet was inserted 
into the lumen to assist in advancement of the catheter. The 
proximal catheter segment was anchored with “strain relief 
loop. Catheter was tunneled to Subcutaneous pocket on ani 
mal's right side, distal portion was externalized and con 
nected to Paradigm 508 pump. The drug pump was filled with 
appropriate solution (depending upon experimental group to 
which animal had been assigned), and programmed to deliver 
56 ul/hr. The pump was then placed into pocket of the jacket 
on the animal's right side. All incisions were closed. 
0.133 For dogs receiving bolus injections of Aldurazyme, 
a needle was placed into the cisterna magna and one milli 
gram of Aldurazyme (1.72 ml) was delivered slowly as a 
bolus injection into the cisterna magna. Needle placement 
was confirmed by return of CSF. Needle was removed and 
puncture wound was dressed as needed. 
I0134. The final location of catheter placement was docu 
mented via lateral and dorsoventral fluoro images. 
0.135 VII. Termination 
0.136 The dogs were euthanized two days following the 
final delivery of Aldurazyme bolus or pump infusion (23 days 
post-Surgery). Briefly, sedatives were given to the animals. 
The animals were induced with a short acting barbiturate or 
short acting hypnotic. Isoflurane was used to maintain the 
animals at an appropriate plane of anesthesia. CSF and CBC 
samples, as well as final fluoroscopic images (for canines 
with catheters) were collected prior to termination. Brain and 
spinal cord tissue samples were harvested and fixed in 10% 
neutral buffered formalin (NBF). 
0.137 The time from euthanasia to freezing of the brain 
tissue samples ranged from approximately 13 to 22 minutes 
(average 16 minutes) and did not differ across the treatment 
groups. The time from euthanasia to freezing of the spinal 
cord tissue samples ranged from approximately 26 to 46 total 
minutes (average 34 minutes, includes the time to harvest the 
brain tissue samples) and also did not differ across the treat 
ment groups. 
0.138 All the canine CNS tissue samples used for the 
enzyme assay were stored at -80°C. from the time of harvest 
until dissection. At the time of dissection, six samples were 
removed from the -80°C. freezerata time and maintained on 
dry ice. For each sample, one at a time, the tissue was allowed 
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to thaw at room temperature only to the point necessary to 
enable cutting of the tissue. The tissue was dissected to pro 
duce a “superficial and “deep' tissue sample of approxi 
mately 150-250 milligrams net weight, and each superficial 
or deep sample was placed into its own individually pre 
numbered 1.5 mL cryovial. The tubes and tissue were then 
immediately returned to dry ice, and thence to -80° C. long 
term storage until shipment for biochemical analysis. 
0.139. Each sample (dog and brain or cord region) was 
prepared using its own bench-top cutting Surface and dispos 
able scalpel (or Teflon tube, for cord samples, see below) to 
prevent cross-contamination of samples. Similarly, the 
experimenter changed gloves between the processing of each 
anatomical region and experimental group (high, low, bolus, 
control) to prevent inadvertent carry-over of enzyme from 
group to group or anatomical region within group. 
0140 All samples were blind coded for analysis. 
0141 Spinal cords samples were dissected to obtain 
“superficial' and “deep' tissue samples such that the deep 
tissue samples were free of any spinal meninges. To achieve 
this, a piece of teflon tubing, approximately 0.125 inches (3 
mm) outer diameter was used to obtain a “core piece of 
central spinal cord (predominantly gray matter) by inserting 
the teflon tubing longitudinally into the partially thawed spi 
nal cord section. The resulting inner core sample was then 
removed from within the teflon tubing as the deep tissue 
sample, while the remaining outer tissue (consisting pre 
dominantly of meningeal tissue and spinal white matter 
tracts) was designated the Superficial tissue sample. 
0142. In two instances, because of the small diameter of 
the cord in these individual dogs, the Volume of tissue was 
insufficient to collect both a deep and superficial tissue 
sample. In dog #329017 (buffer only group, lumbar cord) 
insufficient tissue mass remained associated with the outer 
meninges following removal of the “core deep Sample to 
have Sufficient mass for the enzyme assay. Thus, the “super 
ficial lumbar sample is missing for this dog. In dog #328968 
(high dose pump group, thoracic cord) the sample was too 
Small to attempt dissection, so the entire sample was consid 
ered a 'superficial tissue sample, and the corresponding 
“deep tissue sample was treated as missing data. 
0143 For each of the sampled brain regions, the tissue was 
harvested at time of necropsy as an approximately 1 cm thick 
coronal “slab’ of tissue. To prepare a deep and superficial 
tissue sample from each slab, the tissue was laid flat on a fresh 
cutting Surface and thawed at room temperature just enough 
to enable a wedge of tissue to be cut from the tissue. The 
wedge of tissue was then dissected with a transverse cut 
positioned a minimum of 3 millimeters inward from the pial 
Surface of the wedge. Care was taken to err, if necessary, on 
the deeper side (i.e., positioning the cut more than 3 millime 
ters from the pial surface, e.g. 4 or 5 millimeters inward). The 
resulting segment of tissue including the pial Surface was 
designated the Superficial sample, while the inward portion of 
the wedge of tissue was designated the deep Sample. 
0144. A necessary consequence of this dissection proce 
dure in the brain is that the Superficial samples are predomi 
nantly gray matter (cerebellar molecular layer or cerebral 
cortical layers) and the deep samples may contain Substan 
tially more white matter (cerebellar granular layer and axonal 
tracts, or cerebral coronal radiata, etc.) Nevertheless, the pro 
cedure permits the assessment of whether the exogenously 
applied enzyme was able to penetrate the CNS tissue by a 
Substantial distance. 
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0145 Tissues were prepared for CL-L iduronidase assay as 
follows. Tissues were trimmed to 100-200 mg and minced in 
a plastic petridish with a fresh, sharp razorblade. The minced 
tissue was transferred to a fresh an unused homogenizer on 
ice, three volumes (vol:wt) of cold PAD buffer +0.1% triton 
was added, but not less than 150 ul. Keeping the tissuegrinder 
within ice all the time, the tissue was homogenized thor 
oughly, using a minimum of 30 strokes. The homogenates 
were transferred to microcentrifuge tubes and immediately 
placed on ice. Samples and controls were incubated as fol 
lows: three replicates of tissue sample (25ul sample +25ul 6 
mM 4-MUI substrate); three substrate blanks (25ul PAD 30 
triton+25ul 6 mM 4-MUI substrate); and two tissue blanks 
(25ul sample+25ul 0.4M formate buffer, pH 3.5). 
0146 The C-Liduronidase assay was performed generally 
as set forth in the following table: 

Canine ul used Incubation 
tissue in assay Dilution time (minutes) 

Brain 25 (1:50) 10 Jul homogenate + 490 jul 30 
PAD 

Spinal 25 (1:50) 10 Jul homogenate + 490 jul 30 
Cord & PAD 
meninges 
CSF 25 none 30 

0147 The reaction was stopped with 1 ml of glycine 
carbonate buffer. A blank was prepared using 1 ml glycine 
carbonate. A standard was prepared after completely thawing 
in a 37 degree centigrade water bath and Vortexed vigorously 
before pipetting. To 20 ul of the 4-MU standard, 2 ml glycine 
carbonate was added. The samples were centrifuged for 1 min 
at 6,000 rpm to pellet any cellular debris. 
0.148. The 4-MU standard was prepared as follows: 20 ul 
4-MU standard was pipetted into 2 mL glycine carbonate. 
After using glycine carbonate to Zero the machine, a Perkin 
Elmer fluorometer was calibrated so that 1 nanomole equals 
2,000 fluorescence units, by setting the auto conc. to 1000. 
0149. A cuvette was thoroughly rinsed and absorbance 
was read at 365 excitation/440 emission. 

0150 Enzyme activity was calculated according to the 
following equation (A unit of iduronidase is defined as nano 
moles of 4-MUI substrate cleaved per hour): 

net F.U.s 60 min 1 nmola - MU 1 X dilution factor = X X of Xoods X dilution actor 
units/ml iduronidase 

0151. On the same day, a BioRad protein determination 
was determined (linear range of the assay is 1.5-10 ug/ml). 
The dye will had a bluish tinge the high end of the range was 
approached. The protein determination was performed by 
diluting homogenate 1:40 by adding 10 ul to 390 ul pyrogen 
free H.O.Ten microliters of the diluted sample was added to 
790 ul HO for the assay (For CSF assay 10 ul straight to 790 
ul H2O). A protein was caluculated according to the following 
formula: 
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ug protein in cuvette 
Average OD595 = H - ul sample in cuvette 

= |ug proteinful samplex dil. factor(20) 

= |ug proteinfug proteinful homogenate 

= mg protein/ml homogenate 

0152 Iduronidase activity was expressed according to the 
following equation. 

units iduronidasefiml 
- - = units of iduronidase per mg of protein mg protein/ml 

0153 VIII. Statistic Methods 
0154 The effects of bolus injections or chronic, continu 
ous delivery of Aldurazyme on level of enzyme activity in the 
canine CNS tissue samples were analyzed using analysis of 
variance (ANOVA) to compare enzyme levels across experi 
mental groups for each anatomical region and depth of tissue 
sample (deep or Superficial). For those anatomical regions 
and tissue depths for which the null hypothesis of no differ 
ences among groups was rejected, further comparisons were 
performed determine which groups differed, using the LSD 
(“least significant difference') method for pairwise compari 
Sons among groups. All analyses were performed using Med 
Stat for Excel version 5.2. 
0155 The enzyme assay data are not normally distributed 
with similar variances across the experimental groups. 
Rather, data are positively skewed. That is, many of the data 
values are clustered at the lower end of the scale, while other 
values are distributed along a wide range of higher values, 
stretching out the right hand tail of the distribution. 
0156. As a consequence of the skew in the distribution of 
the enzyme assay data, the assumption of homogeneity of 
variance across the experimental groups upon which the 
ANOVA and pairwise comparisons between groups rely is 
not met. An accepted and recommended method for “normal 
izing data distributions that have positive skewness is to 
perform a logarithmic transformation of the raw data prior to 
analysis (e.g., see Winer, B. J., Statistical Principles in 
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Experimental Design, 2" Edition, 1971, p. 400). The log 
transformed data yielded Substantially reduced skewness and 
more homogenous standard deviations across the experimen 
tal groups than do the raw data, enabling for valid tests of 
group differences by the LSD method. Therefore, all tests of 
the statistical significance of differences among groups that 
are reported here were computed using log transformed 
enzyme assay data. For intelligibility, however, group means 
are reported as the average of the original, untransformed 
enzyme assay values. 
0157 IX. Results and Discussion 
0158. The table below summarizes all of the Analyses of 
Variance (ANOVAs) testing the null hypotheses of no differ 
ences among any of the experimental groups mean enzyme 
assay value, by anatomical region and depth of tissue sample. 
Tests for which the p value is less than 0.05 are shown in 
boldface. 

Summary of ANOVA results by tissue sample depth and anatomical site 

Tissue Mean square Mean Fratio 
sample Treatment Square (df = 
depth Anatomical site Effect Error 3.8) P value 

Superficial Frontal cortex O.214 O.172 1.243 O.356S 
Superficial Diencephalon? O.256 O.OO8 30.686 0.0001 

parietal cortex 
Superficial Occipital cortex O.471 O.OOS 89.329 OOOOO 
Superficial Cerebellum O.789 O.O63 12S2O 0.0022 
Superficial Thoracic cord 1.218 O.233 S.226 0.0004 
Superficial Lumbar cord O. 610 O.172 3.542 0.0678 
Deep Frontal cortex O.O09 O.OO9 1.049 0.4225 
Deep Diencephalon O.049 O.OOS 10.743 0.0035 

parietal cortex 
Deep Occipital cortex O.O27 O.O34 O.803 O.S264 
Deep Cerebellum O.304 O.069 4.397 0.0417 
Deep Thoracic cord O.332 O.048 6.959 0.0128 
Deep Lumbar cord 0.257 O.O2O 13.104 00019 

0159. There were statistically significant differences 
among the experimental groups in terms of Aldurazyme 
enzyme uptake into the Superficial tissue layers in all ana 
tomical regions tested except for those most remote from the 
site of enzyme delivery, i.e., the frontal cortex and the lumbar 
spinal cord. The average enzyme assay values for the Super 
ficial tissue samples for each treatment group, by anatomical 
region, are shown in the table below. 

Enzyme assay values in Superficial tissue samples, by region 
(meant S.d. idu/mg protein) 

Treatment Frontal Diencephalon Occipital Thoracic Lumbar 
group cortex parietal cortex cortex Cerebellum cord cord 

Bolus 68.231.1 58.2 21.1 100.8 25.3 312.7 126.O 418.3*H 14.6 435.8 SS3.2 

injections 
High dose 97.5 - 142.5 15.1 1.8 16.7 - 1.4 98.2 - 65.0 635.1 1011.6 64.9 44.7 

pump 

Low dose 25.2 20.7 13.9 1.5 17:42.9 68.9* 21.1 48.6* 23.3 31.4 - 19.8 

pump 

Buffer only 17.7 6.8 14.92.1 14.3 + 1.1 16.739 14.63.5 27.625.7 

*p < 0.05 vs. buffer only control group. 
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0160 No differences in the enzyme activity level in super 
ficial lumbar cord tissue were observed among the treatment 
groups at traditional significance levels (p=0.0678). How 
ever, because it would be paradoxical to see elevations of 
enzyme activity in deep lumbar cord tissue without also see 
ing some elevation in the Superficial tissue, additional pair 
wise comparisons were performed to help fully understand 
the data. 
0161 The null hypothesis of no difference in enzyme lev 
els across treatment groups in Superficial thoracic cord was 
rejected with a high degree of confidence (p=0.00036). How 
ever, high variability in the assay values across dogs in the 
high dose pump group (mean 635.1 with standard devia 
tion-t1011.6) resulted in unequal variances across groups 
making meaningful pairwise difficult. However, omitting the 
high dose pump group from the analysis indicates that there 
were statistically significant differences among the bolus, low 
dose pump, and buffer only groups by ANOVA (p=0.01767). 
Post-hoc t-tests indicate that enzyme activity levels in super 
ficial tissue from the thoracic cord are significantly elevated 
over the buffer only control group in both the group receiving 
weekly bolus injections (p=0.00007, one-tailed), and the 
group receiving the low dose, continuous delivery of Aldura 
Zyme (p=0.00868, one-tailed). 
0162 There were statistically significant differences 
among the four treatment groups in enzyme levels in the 

Jun. 12, 2008 

between levels attained by dogs in the high dose versus low 
dose pump group was not statistically significant. 
0164. As with the superficial tissue samples from the 
occipital cortex, the samples from the parietal cortex showed 
significant elevation in enzyme levels in the dogs receiving 
the weekly bolus injections over the enzyme levels of each of 
the other groups (p<0.05). No elevation of enzyme levels in 
this tissue over levels obtained in dogs in the buffer only 
group was observed in the dogs in either the high or low dose 
pump conditions. The difference between levels attained by 
dogs in the high dose versus low dose pump group was not 
statistically significant. 
0.165. No statistically significant difference in enzyme lev 
els among the four treatment groups was observed in the 
Superficial tissue samples from the frontal cortex. 
0166 Although the magnitude of the differences were not 
as pronounced as for the Superficial tissue samples, there were 
statistically significant differences among the experimental 
groups in terms of Aldurazyme uptake in the deep tissue 
samples in most of the anatomical regions tested. Specifically, 
there were differences among treatment groups in Aldura 
Zyme uptake into deep tissue samples in the diencephalon/ 
parietal cortex, cerebellum, thoracic cord, and lumbar cord. 
The average enzyme assay values for the deep tissue samples 
for each treatment group, by anatomical region, are shown in 
the table that follows. 

Enzyme assay values in deep tissue samples, by region 
meant S.d. idu/ng protein 

Treatment Frontal 
group cortex 

Bolus 18.4 + 4.2 
injections 
High dose 16.6 it 4.1 
pump 
Low dose 14.0 + 1.5 
pump 
Buffer 14.333 
only 

*p < 0.05 vs. buffer only c 

superficial tissue of the cerebellum (ANOVA p=0.00217). 
Pairwise comparisons among groups indicate that all groups 
receiving Aldurazyme, whether by bolus injection, high dose 
continuous pumping, or low dose continuous pumping, had 
elevated enzyme levels relative to the buffer only control 
group (p<0.05 in all cases). Furthermore, the enzyme levels 
attained in this tissue by the dogs receiving the weekly bolus 
injections was significantly higher than that attained by either 
high dose or low dose continuous administration (p<0.05). 
The difference between the two pump groups (high versus 
low dose pump) was not statistically significant. 
0163 Although the elevation of enzyme activity in the 
Superficial tissue of the occipital cortex resulting from bolus 
injections of Aldurazyme was, on average, only about one 
third as great as in the superficial tissue of the cerebellum, the 
elevation was highly statistically significant (p<0.00001), and 
was 7-fold greater than the buffer only group. No elevation of 
enzyme levels in this tissue over the levels obtained in dogs in 
the buffer only group was observed in the dogs in either the 
high or low dose pump conditions. Similarly, the difference 

Diencephalon. Occipital Thoracic Lumbar 
parietal cortex cortex Cerebellum cord cord 

26.0° S.2 34.19.O 89.8 21.7 59.4* 43.0 38.1* 20.9 

1882.7 32.3 - 12.9 72.48 40.9 SO.O* 36.S. 35.4* 8.9 

13.1 + 1.4 25.6 11.1 54.248.1 14.72.7 11.4 + 1.3 

15.2 24 22.6 11.6 16.7 4.7 12.25.1 10.5 - 29 

ontrol group 

(0167. The ANOVA test for differences among the four 
treatment groups in enzyme activity levels in deep samples of 
lumbar cord was significant at p-0.002. The pairwise com 
parisons among the groups by the LSD method indicated that 
the enzyme level in the bolus injection group was signifi 
cantly higher than the buffer only control group and the low 
dose pump group (p<0.05). Likewise, the enzyme level in the 
high dose pump group was significantly higher than the buffer 
only control group and the low dose pump group (p<0.05). 
There was no significant difference between the bolus injec 
tion and high dose pump group, which were each elevated an 
average of about 3-fold over the enzyme level of the buffer 
only control group (see above). 
0.168. As noted earlier, it would be paradoxical to see 
significant elevation of enzyme levels in the deep tissue 
samples from the lumbar cord without also seeing elevation in 
the Superficial tissues. The analysis of the superficial lumbar 
tissues was hindered somewhat by missing data from dog 
#329017 (buffer only group), for which insufficient tissue 
mass remained associated with the outer meninges following 
removal of the “core deep sample to have sufficient mass for 
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the enzyme assay of a “superficial” sample. The average 
enzyme assay value of the other two dogs in this control group 
was substituted for the “missing value of this third dog to 
enable some additional analyses to further understand the 
data. Following this substitution, a t-test of the difference 
between the bolus injection group and the control group is 
significant (p=0.0383, one-tailed), as is a t-test of the differ 
ence between the bolus injection group and the low dose 
pump group (p=0.04269, one-tailed), although the difference 
between the high dose pump group and the control group does 
not attain significance. While these analyses might be suspect 
in isolation, the results indicate that the observation of sig 
nificant elevation of enzyme levels in the deep lumbar tissue 
samples in the bolus injection and high dose pump groups is 
not contradictory and paradoxical vis-a-vis the enzyme assay 
values in the Superficial tissue. 
0169. A deep tissue sample for dog #328968 (high dose 
pump group, thoracic cord) was not available. To enable 
ANOVA and LSD computations by MedStat 5.2, the average 
of the other two dogs in the high dose pump group was used 
as a proxy for this missing value. The resulting ANOVA 
indicated that there are statistically significant differences 
among the four groups (p=0.01279), and the pairwise com 
parisons showed that both the bolus injection group and the 
high dose pump group had significantly elevated enzyme 
assay values in the deep thoracic cord tissue compared to the 
buffer only control group and the low dose pump group (p<0. 
05). The enzyme assay values in the bolus injection and high 
dose pump groups were each approximately 4-fold greater 
than the values in the other groups. There was no significant 
difference between the low dose pump group and the control 
group, and no significant difference between the bolus injec 
tion group and the high dose pump group. 
(0170 The ANOVA test for differences among the four 
treatment groups in enzyme activity levels in deep samples of 
cerebellum was significant (p=0.04171). The pairwise analy 
sis of deep tissue samples from the cerebellum revealed sig 
nificant elevation of the enzyme assay levels in the bolus 
injection group and high dose pump groups over the buffer 
only control group (p<0.05). No other pairwise comparisons 
were significant. 
0171 No significant differences among the four treatment 
groups were obtained with regards to the enzyme levels in the 
deep tissue samples of the occipital cortex. 
0172 Despite the lack of differences among the groups in 
the deep tissue samples of the occipital cortex, a statistically 
significant difference among groups was observed in the deep 
tissue samples from the diencephalon/parietal cortex region 
(p=0.00353). Pairwise comparisons showed that the bolus 
injection group values were significantly elevated vis-a-vis 
the buffer only control group and each of the other two groups 
(p<0.05). Paradoxically, the pairwise comparisons also 
showed the high dose pump group values to be greater than 
the low dose pump group values (p<0.05) even though neither 
the low nor high dose pump groups were significantly 
elevated in comparison to the buffer only control group. Per 
haps this significance test constitutes a Type I error (i.e., false 
rejection of the null hypothesis, for which there is a 5% 
chance), in part due to the fact that the average assay value for 
the low dose pump group was actually (and non-significantly) 
even lower than the control groups average. 
0173 No significant differences among the four treatment 
groups were obtained with regards to the enzyme levels in the 
deep tissue samples of the frontal cortex. 
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0.174 Consistent with previous studies Kakkis et al., Mol 
Genet Metab. September-Octbor 2004; 83(1-2):163–74), the 
current study showed that four weekly bolus injections of 1.0 
mg (in 1.7 mL) recombinant alpha-L-iduronidase into the 
cisterna magna of the normal canine results in statistically 
significant elevations in enzyme activity levels in many 
regions of the brain and spinal cord. The elevation can be 
Substantial, attaining enzyme levels that are 28-fold over con 
trol levels in superficial tissues of the thoracic cord. Elevation 
in deeper regions of tissue are less extreme but still Substan 
tial, attaining enzyme levels of 5.4-fold, 4.9-fold and 3.6-fold 
over control levels in the cerebellum, thoracic cord, and lum 
bar cord, respectively. 
0.175. The primary objective of this study was to determine 
whether chronic, continuous delivery of Aldurazyme into the 
CSF of a normal dog via an intrathecal route can also result in 
detectable elevation of the enzyme activity level above 
endogenous levels, in various regions of the brain and spinal 
cord. The data obtained show that chronic, continuous deliv 
ery of Aldurazyme into the canine CSF does result in detect 
able elevation of enzyme levels in superficial regions of the 
thoracic cord and cerebellum, and, with a higher dose, in 
deeper regions of the cerebellum, and thoracic and lumbar 
cord. 
0176 The second objective of this study was to compare 
two different dosage levels of continuous Aldurazyme deliv 
ery with each other, and with intermittent bolus delivery. The 
data show a dosage difference between the two chronic, con 
tinuous delivery conditions. The higher dosage resulted in 
detectable elevation of enzyme activity levels more broadly 
(in more regions of the CNS) than the lower dosage. Also, in 
the thoracic and lumbar cord, the higher dosage resulted in a 
higher elevation of enzyme activity than was obtained with 
the lower dosage. 
0177. However, the data also show that intermittent bolus 
delivery of Aldurazyme into the cistema magna was Superior 
to chronic, continuous delivery of Aldurazyme into the high 
cervical intrathecal space, both in terms of distribution of 
enzyme (reflected by elevation of enzyme levels more remote 
from the delivery site) and amount of enzyme elevation 
attained in superficial and deeper CNS tissues. In fact, there 
was no region of the CNS tissue in which chronic, continuous 
delivery of Aldurazyme resulted in better results (higher 
enzyme activity) than intermittent bolus delivery even with a 
chronic, cumulative dose that was four times greater than the 
cumulative dose delivered by the bolus injections. 
0.178 FIG. 9 provides a visual summary of the results of 
this study in terms of distribution and “uptake' of the exog 
enously administered enzyme. 
0179. It is not possible to definitively know from the data 
of this study how much of the Aldurazyme in the tissue 
resided in the interstitial fluid, and how much was taken up 
into the cells of the CNS in a manner that would result in 
increased catalysis of glycosaminoglycans in the lysosomes. 
However, 48 hours elapsed between the last delivery of Aldu 
razyme and the termination of the dogs in this study, which 
exceeds the estimated half-life of turn-over of interstitial fluid 
in the brain of many mammalian species (e.g., 6-16 hours in 
rat and rabbit, Abbot, 2004) by a factor of at least three. 
Therefore, it is likely that most of the enzyme activity 
detected in the tissue samples was due to Aldurazyme that 
was intracellular. It has been shown by fluorescence micros 
copy Belichenko et al., Penetration, diffusion, and uptake of 
recombinant human alpha-L-iduronidase after intraventricu 
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lar injection into the rat brain. Mol Genet Metab. September 
October 2005:86(1-2): 141-9 that intracerebroventricular 
administration of exogenous recombinant human alpha-L- 
iduronidase in the rat brain results in uptake of the enzyme 
into vesicular structures within neurons (probably lysos 
omes). Furthermore, since alpha-L-iduronidase is known to 
produce effective intracellular enzyme activity in non-CNS 
tissues when delivered systemically, and in CNS cells when 
taken up from paracrine sources Desmaris et al. Prevention 
of neuropathology in the mouse model of Hurler syndrome. 
Ann Neurol. July 2004:56(1):68-76, there is reason to expect 
that Aldurazyme delivered to the CNS tissues by either the 
bolus injections or chronic, continuous infusion would be not 
only intracellular but also metabolically active in the cells of 
the CNS. 
0180. It is not possible to definitively know from the data 
of this study whether the bolus injections into the cisterna 
magna resulted in greater elevation of enzyme levels in some 
deep tissue samples of the brain only because of greater 
“penetration' of the enzyme into the tissue (e.g., movement 
into the tissue from the CSF down a concentration gradient) 
or also because of better distribution of a “sufficient concen 
tration of enzyme via the CSF into the ventricular system. 
Significantly elevated enzyme was obtained in deep tissue 
samples of the diencephalon/parietal lobe but not the deep 
tissue samples of the occipital lobe. This is consistent with the 
possibility that the elevation of enzyme in the diencephalon 
was due more to the movement of a Sufficiently high concen 
tration of enzyme (delivered by bolus injection into the cis 
tern magna) into the lateral ventricles, rather than to penetra 
tion of enzyme from the dorsal surface of the brain. 
0181. In either case, however, the data lead to the conclu 
sion that intermittent bolus delivery of Aldurazyme or other 
large molecules is likely to be Superior in terms of clinical 
benefit to the patient compared to chronic, continuous deliv 
ery into the intrathecal space, even with a four-fold higher 
cumulative dose. Therefore, if an implantable drug pump is to 
be used as a means of delivering the large molecule, it would 
be advantageous for the drug pump to be programmable, 
allowing for boluses of the enzyme to be delivered according 
to a periodic schedule. The current data also suggest that it 
may be desirable for the site of the bolus delivery (position of 
the distal tip of the delivery catheter) to be as close to the 
cisterna magna as possible, rather than more caudal in the 
intrathecal space of the spinal cord. 
0182. It is likely that the buoyancy (relative baricity) of the 
Aldurazyme formulation in CSF will be a consideration with 
regards to the optimal delivery site in (usually vertical) 
humans compared to the (usually horizontal) canine posture. 
In addition, delivery into the cerebral ventricles of patients 
should be considered, since even in the canine brain (Substan 
tially smaller than the human brain) elevation of enzyme in 
the frontal lobe was not found using the cisterna magna as the 
delivery site. Further pre-clinical studies will be needed to 
determine the optimal delivery site for enzyme replacement 
therapy to the cerebrum. 
0183 X. Conclusions 
0184 Chronic, continuous delivery of Aldurazyme into 
the canine CSF results in detectable elevation of enzyme 
levels in superficial regions of the thoracic cord and cerebel 
lum, and, with a higher dose, in deeper regions of the cerebel 
lum, and thoracic and lumbar cord. 
0185. Intermittent bolus delivery of Aldurazyme into the 
cistema magna is Superior to chronic, continuous delivery of 
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Aldurazyme into the high cervical intrathecal space, both in 
terms of distribution of enzyme and amount of enzyme eleva 
tion attained in Superficial and deeper CNS tissues. Increasing 
the cumulative dose of chronically delivered Aldurazyme by 
as much as a factor of four does not alter this conclusion. 
0186 Treatment of the neurological pathology in MPS I 
patients by direct delivery of Aldurazyme into the CSF com 
partment using a chronically implantable pump may be fea 
sible, assuming no barriers arise due to safety issues (poten 
tial immune response in patients) or issues of compatibility 
and stability of Aldurazyme with the delivery device. An 
implantable drug pump used for this purpose should be pro 
grammable, allowing for boluses of the enzyme to be deliv 
ered according to a periodic schedule. Subject to further 
pre-clinical studies, the optimal site for delivery of the 
enzyme is likely to be as far rostral as possible; delivery into 
the cerebral ventricles should be considered. 

Example 2 

Pulsed Bolus Intrathecal Delivery of Leptin at C3 or 
Higher 

0187. This prophetic example provides a design for an 
experiment that may be carried out to test the effects of pulse 
bolus intrathecal delivery of leptin at C3 or higher on the 
eating behavior of dogs. 
0188 Obese canines can be placed into four groups. Base 
line weight and food intake measurements can be recorded for 
a period of approximately 4-6 weeks during accommodation. 
The canines can continue to be fed a high caloric diet until 
they maintain a body conditioning score of 27. After reach 
ing the target body conditioning score, the canines can be put 
on the standard diet to maintain their obesity; daily food 
intake will be determined after feeding daily for 2 hours (e.g. 
11:00am-1:00 pm). After baseline clinical information is 
collected, canines can have Medtronic, Inc. Model 8709 cath 
eters implanted into the intrathecal space and rostrally 
advanced to a position for drug delivery as close to the cis 
terna magna as possible. Catheters can be externalized and 
attached to Medtroinc MiniMed Paragdigm Model 508 
pumps in jacket pockets. 
0189 In some of the canines, a separate vascular access 
port (VAP) with attached extension catheter can be implanted 
in the cisterna magna so that cerebral spinal fluid (CSF) can 
be sampled to determine ruleptin (recombinant human lep 
tin) concentrations and possible accumulation following mul 
tiple daily doses. Other canines can have the CSF sampled via 
a direct stick to the cisterna magna, e.g. at week 6. 
0190. Of the canines implanted with a VAP. (1) one group 
of dogs can act as the control group and can receive 250 ul 
leptin vehicle buffer solution daily during weeks 2-6 post-op; 
(2) one group of dogs can act as the low dose group and can 
receive daily doses of rHueptin of 33 ug in a total volume of 
250 ul of leptin vehicle buffer during weeks 2-6 post-op; and 
(3) one group of dogs can act as the high dose group and can 
receive daily doses of rHulleptin of 150 ug in a total volume 
of 250 ul of leptin vehicle buffer during weeks 2-6 post-op. 
The canines, without a VAP. can act as the medium dose group 
and can receive an IT (bolus) injection, via the implanted 
8709 catheter, of 100 ug of rhuLeptin in 250 ul leptin vehicle 
buffer every 3 days during weeks 2-6 post-op. 
0191 To maintain patency of the implanted systems, the 
low, high, and control dose groups can have their VAPS 
flushed with 0.35 ml of CSF buffer twice weekly following 
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implant. Their externalized 8709 catheter can be flushed with 
0.20 ml of CSF buffer twice weekly following implant and 
thru week 1 and then again during weeks 7-10. The medium 
dose group can have their externalized 8709 catheters flushed 
with 0.20 ml of CSF buffer twice weekly following implant 
and thru week 1 and then again during weeks 7-10. 
0.192 The canines can have their weights recorded twice 
weekly and food intake recorded daily (grams) during the 
remainder of the study. At week 6, fluoroscopy can be per 
formed to assess catheter tip location. 
0193 Prior to implant and at weeks 6 and 10, canines can 
have blood draws for CBC, chemistry panel, and coagulation, 
as well as, serum for canine leptin assay, CRP, cholesterol, 
and triglycerides. At implant, prior to injection, a CSF sample 
can be collected for canine leptin assay (MIDDLE DOSE 
ONLY) or human leptin assay (LOW. HIGH, CONTROL 
DOSE ONLY) and cytology. During weeks 1-6 and 7-10, the 
low, high, and control dose groups can have CSF samples 
collected once weekly for human leptin assay and cytology. 
The medium dose group can have a CSF sample collected 
once during the In-Life phase of the study, e.g. at week 6, this 
CSF sample can be collected aseptically via a cistema magna 
Stick. 
0194 Thus, embodiments of METHOD FOR DELIVER 
ING LARGE MOLECULES TO THE BRAIN are disclosed. 
One skilled in the art will appreciate that the present invention 
can be practiced with embodiments other than those dis 
closed. The disclosed embodiments are presented for pur 
poses of illustration and not limitation, and the present inven 
tion is limited only by the claims that follow. 
What is claimed is: 
1. A method for altering eating behavior of a subject, com 

prising: 
dispensing a fluid composition comprising a peptide hor 
mone into a reservoir of an implantable infusion device, 
the peptide hormone selected from the group consisting 
of a gut hormone, an adipose tissue derived hormone, a 
pancreatic hormone, and a hormone activated by a gut 
hormone, an adipose tissue derived hormone, or a pan 
creatic hormone; 

implanting a catheter in the Subject Such that a delivery 
region of the catheter is located intrathecally in the sub 
ject at a spinal level of C3 or higher, wherein the delivery 
region of the catheter is introduced into the intrathecal 
space of the Subject at a lumbar or sacral level and 
rostrally advanced intrathecally to a spinal level of C3 or 
above; 

fluidly coupling the catheter to the reservoir such that fluid 
in the reservoir is deliverable to the subject through the 
delivery region; and 

delivering the fluid composition from the reservoir through 
the delivery region to the subject, wherein the fluid com 
position is delivered at a Substantially constant low influ 
sion rate with intermittent boluses at a higher rate. 

2. The method of claim 1, wherein the peptide hormone is 
selected from the group consisting of ghrelin, glucagon-like 
peptide-1, oxyntomodulin, peptide YY, cholecystokinin, lep 
tin, insulin, and melanocyte-stimulating hormone. 
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3. The method of claim 1, wherein the peptide hormone is 
leptin. 

4. The method of claim 1, wherein the substantially con 
stant low infusion rate is an infusion rate between about 1 
microliters per hour to 40 microliters per hour. 

5. The method of claim 1, wherein the intermittent boluses 
are infused at a rate of between about 1 microliter per minute 
and about 1000 microliters per minute. 

6. The method of claim 1, wherein the intermittent boluses 
are infused at a rate of between about 10 microliters per 
minute and 100 microliters per minute. 

7. The method of claim 1, wherein a time interval between 
bolus infusions is between about 1 hour and 28 days. 

8. The method of claim 1, wherein a time interval between 
bolus infusions is between about 4 hours and 7 days. 

9. A method for delivering large molecules to the brain of 
a Subject, comprising: 

dispensing a fluid composition comprising the large mol 
ecule into a reservoir of an implantable infusion device: 

implanting a catheter in the Subject Such that a delivery 
region of the catheter is located intrathecally in the sub 
ject at a spinal level of C3 or higher; 

fluidly coupling the catheter to the reservoir such that fluid 
in the reservoir is deliverable to the subject through the 
delivery region; and 

delivering the fluid composition from the reservoir through 
the delivery region to the subject, wherein the fluid com 
position is delivered at a Substantially constant low influ 
sion rate with intermittent boluses at a higher rate. 

10. The method of claim 9, wherein implanting the catheter 
in the Subject comprises introducing the delivery region of the 
catheter into the intrathecal space of the subject at a lumbar or 
sacral level and rostrally advancing the delivery region of the 
catheter intrathecally to a spinal level of C3 or above. 

11. The method of claim 9, wherein the large molecule is an 
enzyme. 

12. The method of claim 9, wherein the large molecule is 
alpha-L-iduronidase. 

13. A method for delivering large molecules to the brain of 
a Subject, comprising: 

dispensing a fluid composition comprising the large mol 
ecule into a reservoir of an implantable infusion device: 

implanting a catheter in the Subject Such that a delivery 
region of the catheter is located intrathecally in the sub 
ject at a spinal level of C3 or higher, wherein the delivery 
region of the catheter is introduced into the intrathecal 
space of the Subject at a lumbar or Sacral level and 
rostrally advancing intrathecally to a spinal level of C3 
or above; 

fluidly coupling the catheter to the reservoir such that fluid 
in the reservoir is deliverable to the subject through the 
delivery region; and 

delivering the fluid composition from the reservoir through 
the delivery region to the subject. 

14. The method of claim 13, wherein the large molecule is 
an enzyme. 

15. The method of claim 13, wherein the large molecule is 
alpha-L-iduronidase. 


