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Abstract

The application of microfabrication technology to create precise separation and isolation membranes for biomedical

applications is described. By utilizing fabrication techniques commonly employed in the microelectronics industry (MEMS),

membranes can be fabricated with well-controlled and uniform pore sizes, allowing the optimization of membrane parameters

for biomedical applications in cell immunoisolation and viral ®ltration. Using bulk and surface micromachining to create

diffusion membranes, pore sizes down to 18 nm have been attained through deposition and subsequent etching of sacri®cial

layers on silicon. Membranes were shown to be suf®ciently permeable to small biomolecules such as oxygen, glucose, and

insulin, while excluding the passage of larger proteins such as immunoglobulin G (IgG). The semipermeability of

microfabricated membranes, their biocompatibility, ease in sterilization, along with their thermal and chemical stability, may

provide a signi®cant advantages for biomedical applications. Microfabrication technology may also be applied to other

materials of interest for the development of highly controlled membranes. # 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The immunoprotection of hormone-secreting cells

and tissue with a semipermeable membrane prior to

transplantation is a promising therapy for a wide

variety of diseases including diabetes, Parkinson's,

and hemophilia [1±3]. For the encapsulation of insu-

lin-secreting pancreatic islets, it has been established

that the encapsulating membrane must be suf®ciently

permeable to insulin and glucose, while at the same

time, impermeable to immunologic cells, antibodies,

and other immune molecules, which might lead to

destruction of the transplanted cells [1].

Nonetheless, there is much experimental variability,

both in vitro and in vivo, as to the exact transport

properties required for immunoisolation membranes.

These membranes have been poorly characterized in

terms of their speci®c large and small molecule diffu-

sion parameters, focusing instead on absolute mem-
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brane performance criteria [4]. Indeed, it is often

complicated to characterize the diffusive transport

properties of immunoisolation membranes due to

the variability and asymmetry of these membranes,

most of which are polymeric. This nonuniformity in

membrane architecture makes it dif®cult to de®ne

diffusion lengths and absolute molecular weight

cut-off dimensions of the membrane.

Typically, transport in polymeric immunoisolation

membranes is characterized by the nominal molecular

weight cut-off (MWCO) of the membrane [1]. How-

ever, polymeric biocapsules usually have a broad pore

size distribution, and cannot provide an absolute size

or molecular weight cut-off [3]. Furthermore, poly-

meric membrane thicknesses are not always uniform,

and on the order of 100 mm. Although the nominal

molecular weight cut-off gives us an idea as to which

molecules can pass through a membrane, this para-

meter is not always useful in determining the rate of

passage or absolute selectivity through diffusion based

immunoisolation membranes. It is often dif®cult to

de®ne diffusion lengths, pore sizes, and distributions

in polymeric membranes [5,6].

1.1. Current membrane technology

Several different types of polymer membranes have

been investigated for immunoisolation. However,

despite years of research, there is no consensus as

to the ideal pore size or molecular weight cut off for

immunoisolation and protein separation. For example,

Maki et al. [7] characterized acrylic co-polymer mem-

branes that had a nominal molecular weight cut-off of

approximately 50 000±80 000 Dalton which inhibited

the passage of IgG, but did not completely block IgG

passage. Agarose (5%) immunoisolation membranes

characterized by Iwata et al. [8], showed signi®cant

permeability to IgG and serum complement proteins,

but still provided short term immunoisolation. Simi-

larly, Burczak et al. [9] found that poly vinyl alcohol

(PVA) membranes with number average molecular

weights of either 48 000 or 247 000 also resulted in

IgG passage. Such studies indicate the variations

inherent in polymeric membrane pore size and the

dif®culties in preventing of the passage of immuno-

globulins through such membranes.

Due to the instabilities of some polymeric mem-

branes in vivo, changes in molecular weight cut-offs or

pore size geometry are observed over time. Factors

such as temperature and pH often drastically alter

membrane properties. Such was the case for poly-

(acrylonitrile-co-vinyl chloride) (P(AN/VC)) mem-

branes which had an initial molecular weight cut-

off (at 90% rejection) of approximately 40 000 and

then 54 000 at twelve months after implantation

[10].

Therefore, microfabricated inorganic membranes,

with uniform and well-controlled pore sizes in the tens

of nanometer range, may be able to provide better

size-based immunoisolation than conventional poly-

meric biocapsule membranes. Using techniques such

as thin-®lm deposition, photolithography, and etching

that were originally developed for the microelectro-

nics and integrated circuits industry, substrates with

well-de®ned micro- and nano-architectures and fea-

tures can be created. Due to the uniformity and known

geometry of microfabricated membranes, it is much

more straightforward to analyze and determine trans-

port characteristics and diffusion coef®cients [11].

Although microfabricated membranes, both poly-

meric and inorganic, have been proposed previously,

these membranes had pores that were de®ned by

standard photolithography, and were therefore limited

to micron size pore diameters. Therefore, these mem-

branes could not be applied to biomedical applications

involving immunoisolation and bioseparation [12,13].

The microfabricated membranes presented here use

novel processing strategies to achieve nanopores.

Moreover, these membranes may aid in our knowl-

edge of basic mechanisms in cellular immunoisola-

tion. By understanding the exclusion and diffusion

parameters of a given immunoisolation membrane,

optimization of passage of nutrients and hormonal

product can be achieved as well as more accurate

assessments of immunoprotective capabilities of the

membrane. For instance, upon implantation of foreign

cells, an immunogenic response immediately devel-

ops. This sequence of events begins with the binding

of antibodies (either IgG or IgM) to both cell surface

and soluble antigens. Its diffusion is often regarded as

the rate-determining step of islet cell destruction [2].

This is especially critical with immunoisolation of

xenogenic tissue. Nonetheless, few studies have inves-

tigated the permeability of immunoisolative devices to

speci®c immune molecules such as IgG, other than in

a qualitative fashion [14,15].
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Therefore, membranes with a range of pore sizes

(18, 66 and 78 nm) were fabricated using bulk and

surface micromachining and their permeability to

insulin, glucose, and IgG was studied. The semiper-

meability of microfabricated membranes, along with

their stability and biocompatibility, may provide an

improved approach to the immunoisolation of cell

xenografts.

2. Materials and methods

2.1. Membrane fabrication

The membrane fabrication protocol uses a combi-

nation of surface micromachining to de®ne the actual

membrane pores and bulk micromachining to create

larger anisotropically-etched recesses in a single-crys-

tal silicon wafer (Fig. 1). The standard microfabrica-

tion techniques of diffusion, thin ®lm deposition,

photolithography, and etching are used in the creation

of the membranes. The detailed fabrication strategy

has been described in detail previously [11] and is

schematically depicted in Fig. 1.

Brie¯y, exit holes are plasma-etched through a

boron-doped silicon substrate (Fig. 1(a)). Next, in the

most critical step, a sacri®cial oxide is grown using dry

thermal oxidation (Fig. 1(b)). The thickness of this

layer, which can be controlled to�1 nm as veri®ed by

ellipsometry and pro®lometry, will determine the ®nal

channel pore size. Typical thicknesses are in the range

10±100 nm. Following the oxidation, a 2 mm boron-

doped polysilicon layer is deposited over the oxide.

Another plasma etch is performed to produce the entry

holes, the location of which is slightly offset from the

position of the exit holes. The backside is then aniso-

tropically etched in EDP solution to expose the back-

side of the membrane (Fig. 1(c)). Finally, the sacri®cial

oxide layer (deposited in step 1b) is removed by

selectively etching it with concentrated HF (Fig. 1(d)).

This generates the actual immunoisolating diffusion

pores of the membrane. Following membrane proces-

sing and anisotropic etching, a dicing step is per-

formed to separate each die and create individual

membranes that can be characterized.

The membranes can be tested individually or two

membranes can be bonded together using a poly-

dimethyl siloxane bonding agent to produce a micro-

fabricated biocapsule (Fig. 2). Brie¯y, the desired

cells or biomolecules of interest are placed inside

one half-capsule, and the encapsulation is completed

by bonding to another half-capsule with a thin adhe-

sive poly dimethyl siloxane layer that is patterned on

the outer membrane edges [16]. The ®nal membrane

dimensions are as follows: 550 mm in bulk thickness,

2�2 mm in overall lateral dimensions, membrane area

of 10.4 mm2, cavity volume of approximately 5 ml,

and a membrane thickness of 9 mm. The number of

pores per centimeter for this current design is 1.4�106

although it is possible to increase the pore density to

107 cmÿ2. The actual diffusion pores have rectangular

geometry with minimum channel dimension of 78, 66,

or 18 nm.

2.2. Characterization

The dimensions of the pores are determined by

measuring the thickness of the deposited sacri®cial

Fig. 1. Essential fabrication steps for the microfabricated biocap-

sule (not to scale): (a) A 4 in. (1 0 0) Si wafer is first B-doped

(>1020 cmÿ3). 8 mm-deep exit holes are then etched through the p-

doped region. (b) A 20±100 nm sacrificial oxide layer, which

defines the diffusion channel, is deposited using dry thermal

oxidation. (c) Anchor points are opened in the oxide and a 3 mm-

thick, B-doped (>1020 cmÿ3) polysilicon layer is deposited. A final

etch step is performed to define entry holes in the polysilicon. (d)

An EDP (ethylene diamine-pyrocatechol) etch is used to form the

half-capsule. This will selectively etch the Si substrate without

attacking the B-doped silicon and polysilicon layer, or the oxide.

Following the etch, the channels are released with 5:1 buffered HF.
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oxide layer by ellipsometry. The variations of thick-

ness over a 4 in. wafer are less than 5%. Such control

in channel size cannot be achieved in conventional

polymeric materials, such as cellulose acetate or

polyvinylidene ¯uoride [2]. However, with this current

membrane design, slightly larger than 5% of the sur-

face area is used for diffusion. This can be increased

depending on type of application. Membrane surfaces

were also characterized optically via a re¯ected light

microscope for macroscopic defect in membrane

fabrication.

A low pressure bubble point test was used to

characterize the uniformity of the pores and the pre-

sence of defects. The membrane is pre-wetted with

deionized water and then immersed into the liquid.

Pressure is applied from the back of the membrane to

drive the liquid out of the membrane pores. At a

certain pressure, the liquid is forced out of the pores

and bubble will form at the pore exit. The bubble point

pressure is inversely related to maximum pore size.

Any region with microscopic holes or cracks produces

differences in bubble formation, thus making it pos-

sible to identify microscopic defects. Membranes

were also examined under scanning electron micro-

scope from the top view and in cross-section (Fig. 3).

2.3. Diffusion of polystyrene beads of various

dimensions

The ability of microfabricated biocapsule mem-

branes to perform size-based exclusion of biomole-

cules was studied using FITC-labeled polystyrene

beads of 44 and 100 nm, the sizes that were commer-

cially available. Fig. 4 schematically illustrates the

size-based separation of beads and/or biomolecules

through microfabricated membranes. A suspension of

beads was placed into a half-biocapsule well (2 ml) and

subsequently sealed with another biocapsule half. At

intervals of 24 h, the medium surrounding the biocap-

sules were collected and bead concentration was

measured using a spectro¯uorimeter.

2.4. Diffusion of glucose and insulin through

microfabricated membranes

The ability of the membrane to allow diffusion of

glucose and insulin while restricting the passage of

IgG was studied in vitro by measuring relative con-

centrations of the desired molecule on both sides of the

membrane using a mini-diffusion chamber and mon-

itoring diffusion out of the actual biocapsule [9]. The

mini-diffusion chamber was designed and machined

out of transparent acrylic. It consisted of two compart-

ments A and B with ®xed volumes of 2 ml, separated

by the biocapsule membrane, sealed with o-rings, and

®nally screwed together (Fig. 5). The diffusion cham-

ber was rotated at a ®xed speed of 10 rpm to ensure

adequate mixing of the solutions throughout the

course of the diffusion experiments. The concentration

of nutrient and immune molecules of interest was

measured on either side of the membrane to determine

membrane permeability.

At time zero, glucose or insulin was added to

compartment A and 1 ml aliquots of medium

Fig. 2. Schematic of assembled biocapsule consisting of two micromachined membranes bonded together to form a cell-containing cavity

bounded by membranes.
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from compartment B were taken at various time

points. Glucose concentrations were determined

by the method of Huggett and Nixon [17] and

insulin concentration was measured by radioimmuno-

assay.

Islet cells were then cultured on silicon membranes

of pore sizes of 18 nm, 78 nm, and 3 microns.

Approximately 30 islets were placed in each sample

(volume of approximately 5 ml). Glucose-supplemen-

ted medium was allowed to diffuse to the islets, from

underneath the membrane, to stimulate insulin pro-

duction. Similarly, groups of thirty unencapsulated

islets were cultured in 24 well culture dishes and

stimulated and stimulated with glucose-supplemented

medium. The concentration of insulin, secreted by

the islets through the membrane, into the surround-

ing medium was compared between the unencapsu-

lated islets and the islets on micromachined

membranes.

The insulin release by encapsulated islets was

evaluated by adding stimulatory medium to wells

containing islet-®lled biocapsules. Immediately after

adding the solutions (time zero), aliquots of medium

were collected from each of the wells. Samples

were collected at 10 min intervals, while minimizing

the sampling time during which biocapsules were

out of the incubator. It was important to control

experimental temperature, since insulin secretion in

response to glucose is reduced at room temperature

and molecular diffusion would be also reduced at

lower temperatures. Insulin secretion over 90 min

was calculated by taking into account the ®nal

incubation volume and the insulin removed in the

four successive samplings [5]. The collected samples

were stored at ÿ208C until radioimmunoassayed, as

described above. Mean values�SD of the amount

of insulin were calculated for each group at each

time point.

Fig. 3. Scanning electron micrograph of the microfabricated membrane of 18 nm pore size: (a) top-view of pore array; (b) cross sectional view

of membrane; (c) cluster of 2�2 micron entry ports; (d) magnified view of 2�2 micron entry ports with 18 nm channels underneath.
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2.5. IgG diffusion through microfabricated

membranes

Permeability of IgG through the microfabricated

biocapsule membrane was examined using FITC-

labeled IgG. This marker was placed on one side of

the diffusion chamber and diffusion through the mem-

brane into the other chamber was monitored. Mem-

branes of 18, 66, and 78 nm pore size were tested. The

diffused FITC-IgG was detected by using a spectro-

¯uorimeter (excitation wavelength 495 nm, emission

wavelength 525 nm). The concentration of IgG was

monitored daily for four days.

Additionally, IgG diffusion was measured directly

from full biocapsules. The molecule of interest was

pipetted into one half biocapsule wells and two half

capsule were bonded together to form a full biocapsule

[16]. Biocapsules with two membrane pore sizes were

examined: 18 and 66 nm. At time zero, FITC labeled

IgG was added to each biocapsule well (2 ml) and

sealed. At various time intervals, an aliquot (1 ml) of

the medium surrounding each biocapsule was taken.

Diffusion of IgG out of fully assembled biocapsule

into surrounding culture medium was monitored. At

various time intervals, an aliquot of the medium

surrounding each biocapsule was taken. FITC labeled

IgG concentrations were also determined using a

spectro¯uorimeter (excitation wavelength 495 nm,

emission wavelength 525 nm) and diffusion was mon-

itored over a period of four days [14].

2.6. Evaluation of cellular immunoprotective

properties

To determine whether microfabricated membranes

could provide cellular immunoprotection speci®cally

to pancreatic islets, the functionality of both encap-

sulated and unencapsulated islets in presence of serum

complement and antibody was studied using a tissue

culture method [15].

2.6.1. Isolation of pancreatic islets of Langerhans

Pancreatic islets cells were isolated from neonatal

rats by standard methods using a modi®ed version of

the protocol by Hellerstrom et al. [18] as described

previously by Desai et al. [19]. Brie¯y, the steps

include removal of pancreatic tissue, mechanical frag-

mentation of tissue, enzymatic digestion using col-

lagenase, and sedimentation to separate islets. Islets

were cultured several days before use.

The survival of pancreatic islets was used to moni-

tor immunoprotective properties of islet ®lled biocap-

sules. Biocapsules with membranes of 78, 66, and

18 nm pore sizes were studied. For experiments,

membranes were sterilized and placed into sterile

tissue culture containers. Microfabricated membranes

were ®lled with a suspension of islets and bonded

together as described in Desai et al. [19]. Free islets

and islet ®lled biocapsules (10 islets per capsule)

Fig. 4. Schematic of (a) microfabricated multifunctional mem-

brane design and (b) permselectivity based on size, shape, and/or

charge.

Fig. 5. Rotating diffusion chamber used to test microfabricated

membranes.

226 T.A. Desai et al. / Journal of Membrane Science 159 (1999) 221±231



were incubated in cell culture medium (RPMI) with

anti-rat rabbit serum and rabbit complement at 378C
(Sigma, St. Louis, MO). Unencapsulated islets were

incubated under the same conditions. Islet viability

and functionality was determined by measuring

insulin concentrations in the supernatant ¯uid after

stationary glucose stimulations (16.7 mM). The

presence of insulin in solution was determined using

a radioimmunoassay and detection by a gamma coun-

ter. The ability of the islets in various pore-sized

biocapsules to maintain responsiveness to glucose

stimulation in the presence of anti-rat islet antibodies

and complement was compared to that of unencapsu-

lated islets.

3. Data and results

3.1. Diffusion of polystyrene beads of various

dimensions

It was found that biocapsules membranes of 18 nm

pore size completely blocked the diffusion of 44 and

100 nm diameter polystyrene beads, while 66 nm pore

sized membranes only blocked 100 nm diameter

beads. No ¯uorescent signal above baseline was

detected in the incubation medium surrounding

18 nm biocapsules after 1 and 4 days. This suggests

that the biocapsule achieved absolute retention of the

beads.

3.2. Glucose and insulin diffusion

The concentration of insulin, secreted by the islets

through the membrane, into the surrounding medium

was compared between the unencapsulated islets and

the islets on micromachined membranes. The concen-

tration of diffused insulin through the membrane into

the medium was compared to the amount of insulin

secreted by unencapsulated islets. The amounts were

similar in concentration and time release suggesting

that glucose was able to suf®ciently pass through the

pores of the wafer pockets to stimulate islets for

insulin production.

Results indicated that the insulin secretion by the

islets and subsequent diffusion through the biocapsule

membrane channels was similar to that of unencap-

sulated islets for both 3 micron and 78 nm pore sized

membranes, with insulin diffusion though the mem-

brane occurring within 10 min of stimulation. Figs. 6

and 7 show the typical insulin release pro®le in

response to stimulatory (16.7 mM) glucose medium

over 1 h under static incubation for 3 micron, 78 and

18 nm pore-sized membranes. This pro®le indicated

that insulin and glucose diffusion occurred at suf®-

ciently high rates through the microfabricated mem-

Fig. 6. Insulin diffusion through microfabricated membranes of differing pore size.
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brane to ensure nutrient exchange for encapsulated

islet cells. These experiments show that no diffusion

barrier is formed by the membrane for glucose and

insulin, while taking into account the effect of rotation

on mass transfer.

3.3. IgG exclusion

The data indicated that microfabricated biocapsule

membranes retarded signi®cant IgG passage but did

not completely prevent IgG penetration. As Fig. 8

shows, although membranes with 18 nm pore size

had a great immunoisolatory effect, both 66 and

78 nm pore-sized membranes allowed signi®cant

quantities of IgG through over time. The percent of

IgG diffusion (concentration of IgG that passes

through the membrane) was less than 0.4% after

24 h and 2% after over 150 h through the 18 nm

membranes (Fig. 9). Compared to commonly used

polymeric membranes, this rate was several times

smaller indicating superior immunoprotection. For

example, Dionne et al. [14] measured an IgG con-

centration of 1% after 24 h through poly(acrylonitrile-

co-vinyl chloride) membranes with a molecular

weight cut-off of �80 000 MW.

Diffusion across the membrane can be described by,

N � AeffDeff

L
�CA ÿ CB� (1)

where N is the ¯ux, Aeff the cross sectional pore area, D

the effective diffusivity, L the membrane thickness,

and C is the chamber concentration [9,14]. It is

assumed that (i) there were no signi®cant boundary

layer effects in the rotating diffusion chamber and (ii)

a steady-state concentration pro®le was established

within the membrane. By coupling this with the mass-

balance equation,

N � ÿ d�VACA�
dt

� d�VBCB�
dt

(2)

one can ®nd the following relationship between con-

Fig. 7. Insulin diffusion over time for islet-filled biocapsule

subjected to glucose stimulus at t�0.
Fig. 8. IgG diffusion through microfabricated biocapsules of three

different pore sizes.

Fig. 9. Diffusion of IgG through 18 nm pore-sized membrane.
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centration in chamber B and time,

ln
�CA0 � CB0 ÿ CB�1� ��

��CA0 ÿ CB0� � ÿ 1� �
�

� �
AeffDeff

LVB

� �
t

(3)

where ��volume fraction�1, CA0 and CB0 are initial

solute concentrations in chamber A and B, respectively,

and VB is the chamber volume (�2 ml). By plotting,

ln
�CA0 � CB0 ÿ CB�1� ��

��CA0 ÿ CB0� vs: t

and since

Deff � ÿ�slope���LVB�
�1� ��Aeff

(4)

the effective diffusivities of IgG for different pore-sized

membranes can be determined (Table 1).

3.4. Islet immunoprotection

As shown in Fig. 9, the 18 nm biocapsules seem to

provide signi®cant immunoprotection to those islets

encapsulated within its semipermeable membrane.

After two weeks in culture with antibodies and serum

complement, islets in microfabricated biocapsules

maintained close to original glucose stimulated insulin

secretive capability even after two weeks in the pre-

sence of antibodies and complement (see Fig. 10).

Islets immunoprotected by 18 nm pore-sized mem-

brane maintained their functionality better than those

in 78 nm pore sized biocapsules, con®rming that

greater immunoprotectiveness was offered by 18 nm

membranes. In contrast, there was a marked decrease

in baseline and stimulated response in free islets. This

suggests that microfabricated biocapsules with pore

sizes in the 18 nm range may be used to immuno-

protect transplanted cells.

4. Discussion

This study suggests that microfabricated biocap-

sules with membrane pore sizes less than 20 nm,

should be used to immunoprotect transplanted cells.

It is realized that suf®cient diffusion of insulin and

simultaneous blockage of IgG is not a trivial para-

meter in the design of a successful biocapsule mem-

brane. Although the IgG molecule has a molecular

weight of approximately 150 kDa, studies have dis-

agreed on the actual dimensions of the molecule,

estimated to be tens of nanometers or less [20,21].

For example, Wang et al. [22] investigated perme-

ability of relevant immune molecules to sodium algi-

nate/poly-L-lysine capsules and found that signi®cant

amounts of IgG (close to 40%) passed through both

230 and 110 kDa membranes in 24 h.

Our experiments showed that the passage of IgG

through microfabricated membranes is greatly hin-

dered, although not absolutely blocked. However,

there are several possibilities why passage of anti-

bodies through nanometer pore-sized membranes

occurs. First, IgG diffusion may be due to small

defects present in the membrane from fabrication

processing. While examination of the membranes post

processing showed no indications of macroscopic

defects, there may have been submicron defects pre-

sent in some of the membranes. The control and

elimination of these submicron defects must be inves-

tigated to further improve immunoisolative properties

of the biocapsule membrane. Furthermore, the bond-

Table 1

Membrane diffusion parameters for IgG

Pore size (nm) Effective area (cm2) Deff

18 0.00003072 6.75Eÿ12

66 0.00011264 2.25Eÿ08

78 0.00013312 3.375Eÿ08

Fig. 10. Insulin secretion of islets within different pore-sized

biocapsules and unencapsulated incubated for two weeks with

serum complement/antibody solution (20 islets/biocapsule, n�6).
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ing of the two membranes to form a biocapsule may

not have provided a complete seal, and therefore, was

prone to leakage of small immune molecules for the

full capsule diffusion studies. Investigations into alter-

nate bonding strategies are currently underway.

More importantly, the size, ¯exibility, and con®g-

uration of the IgG antibody may allow changes in

conformation which permit its slow diffusion through

pores greater than 18 nm, despite its molecular dia-

meter. Therefore, changing the pore geometry of the

biocapsule may be able to provide a better barrier to

IgG diffusion. Since the IgG molecule is not spherical,

it is likely that membrane pore sizes as small as 10 nm

may not completely block its passage [23]. However,

using pore sizes in such small dimensions signi®cantly

decreases glucose and insulin diffusion as well. There-

fore, it may be more appropriate to use membranes

with pore sizes that can maintain the immunoisolation

effect long-term in vivo, rather than guarantee abso-

lute immunoisolation. For instance, alginate micro-

capsules that are IgG permeable and have membrane

molecular weight cut-offs in excess of 70 kDa

(approximately 20 nm) have been shown to protect

islet xenografts [1,24] at least short-term.

5. Conclusion

The microfabricated biocapsule has recently been

introduced as an alternative to conventional polymeric

immunoisolating biocapsules [19]. This study sug-

gests that microfabricated biocapsules may be used

to immunoprotect transplanted pancreatic islets by

hindering the passage of IgG molecules while permit-

ting the passage of glucose and insulin.

The microfabricated biocapsule represents an excit-

ing alternative for immunoisolation of transplanted

cells. With the advantages that microfabrication can

offer in terms of achieving uniform and well-con-

trolled pore diameter, length, and con®guration, bio-

capsules can potentially be engineered and optimized

precisely to one's desired speci®cations. This is espe-

cially important in developing a size-based immunoi-

solation device for transplanted cells such as

pancreatic islets of Langerhans. Current studies are

underway to investigate optimization of pore size to

attain both immunoisolation and adequate hormonal

diffusion out of the biocapsule for therapeutic appli-

cations. Furthermore, biocapsules fabrication strate-

gies are being modi®ed to improve performance and

reproducibility.
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