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MICROARRAY WITH POLYMER-FREE MICROSTRUCTURES, METHODS OF 

MAKING, AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/792,715, 

filed March 15, 2013, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates generally to a method and delivery system for 

transdermally administering a therapeutic polypeptide using an array of microstructures, 

and related features thereof.

BACKGROUND

[0003] Arrays of microneedles were proposed as a way of administering drugs through 

the skin in the 1970s, for example in expired U.S. Pat. No. 3,964,482. Microneedle or 

microstructure arrays can facilitate the passage of drugs through or into human skin and 

other biological membranes in circumstances where ordinary transdermal administration 

is inadequate. Microstructure arrays can also be used to sample fluids found in the vicinity 

of a biological membrane such as interstitial fluid, which is then tested for the presence of 

biomarkers.
[0004] Despite much initial work on fabricating microneedle arrays in silicon or metals, 

there are significant advantages to polymeric arrays. U.S. Patent No. 6,451,240 discloses 

some methods of manufacturing polymeric microneedle arrays. Arrays made primarily of 

biodegradable polymers also have some advantages. U.S. Pat. No. 6,945,952 and U.S. 

Published Patent Applications Nos. 2002/0082543 and 2005/0197308 have some 

discussion of microneedle arrays made of biodegradable polymers. A detailed description 

of the fabrication of a microneedle array made of polyglycolic acid is found in Jung-Hwan 

Park et al., "Biodegradable polymer microneedles: Fabrication, mechanics, and 

transdermal drug delivery," J. of Controlled Release, 104:51-66 (2005).

[0005] One increasing popular use for polymeric microneedles and microarrays currently 

undergoing development involves the use of biodegradable or soluble microneedles or 

microstructures for subcutaneous delivery of biomolecules. Therapeutic biomolecules
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showing promise include proteins, peptides and nucleic acids. Protein-based drugs are 

becoming increasing common and effective in the treatment of several conditions such as 

cancer and autoimmune diseases such as rheumatoid arthritis. Proteins are large and 

very complex molecules, having secondary and tertiary structures which usually must be 

preserved to maintain the therapeutic efficacy of the protein. This complex nature and 

accompanying stability issues make proteins difficult drug candidates for delivery. 

Currently, proteins are being predominantly administered by the parenteral route. 

However, this route of administration usually requires repeated administration due to the 

short half-life of such molecules. While oral, pulmonary and nasal routes of polypeptide 

delivery are also under development, these routes have limitations such as 
gastrointestinal degradation, low bioavailability and local irritation.

[0006] Use of transdermal delivery systems which can traverse the stratum corneum 

barrier and permeate into the deeper layers of the skin is a viable option for administration 

of therapeutic biologic molecules, including proteins. It has been reported that the skin 

has relatively low proteolytic activity as compared to mucosal routes. Thereby reducing 
the amount of protein degradation.

[0007] Accordingly, it would be of benefit to develop an effective means of delivering 

large biomolecules via microstructures and of making use of the advantages of 

microstructure array delivery.

[0008] The foregoing examples of the related art and limitations related therewith are 

intended to be illustrative and not exclusive. Other limitations of the related art will become 
apparent to those of skill in the art upon a reading of the specification and a study of the 

drawings.

BRIEF SUMMARY

[0009] The following aspects and embodiments thereof described and illustrated below 

are meant to be exemplary and illustrative, not limiting in scope.

[0010] In a first aspect, an array of microstructures is provided comprising an 

approximately planar base and a plurality of microstructures comprising a drug, wherein 

each of the plurality of microstructures has mechanical strength sufficient to provide 

transdermal administration to a subject. The microstructure comprises a backing having a 

first surface and a second surface opposed thereto, and a microstructure array
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comprising the plurality of microstructures, wherein the plurality of microstructures extend 

outwardly from the first surface of the backing. Each of the plurality of microstructures 

comprises a biodegradable distal layer and at least one proximal layer positioned 

between the distal layer and the first surface of the backing. The distal layer comprises at 
least one drug and a stabilizing excipient.

[0011] In one embodiment, each of the plurality of microstructures does not comprise a 

structural polymer.

[0012] In one embodiment, the drug is a therapeutic macromolecule and the at least one 

therapeutic macromolecule is present in the distal layer in an amount which is about 30% 

to 90% of the distal layer.

[0013] In one embodiment, the at least one therapeutic macromolecule has a molecular 

weight of at least 20,000 Daltons (Da).

[0014] In one embodiment, the macromolecule is a polypeptide. In another embodiment, 

the macromolecule is a hormone. In still another embodiment, the macromolecule is an 

antibody or fragment thereof. In yet another embodiment, the macromolecule is a 

monoclonal antibody.

[0015] In one embodiment, the macromolecule is glycosylated.

[0016] In one embodiment, the macromolecule has a molecular weight of about 20,000 

Da to 100,000 Da, 20,000 Da to 75,000 Da, 40,000 Da to 75,000 Da, 40,000 Da to 

100,000 Da, 100,000 Da to 1,000,000 Da, 100,000 Da to 800,000 Da, 100,000 Da to 

500,000 Da, 100,000 Da to 300,000 Da, 75,000 Da to 500,000 Da, 300,000 Da to 

1,000,000 Da, 500,000 Da to 1,000,000 Da or 300,000 Da to 700,000 Da. In one 

embodiment, the molecular weight is that in the presence of or the absence of the 
glycosylation.

[0017] In one embodiment, the macromolecule is present in the distal layer at a 

concentration or amount of about 20% to 95%, 30% to 95%, 40% to 95%, 50% to 95%, 

50% to 90%, 50% to 80%, 50% to 75%, 60% to 95%, 60% to 90%, 60% to 80%, 60% to 

70%, 75% to 95% or 70% to 90% of the distal layer. In one embodiment, % is weight%. 
[0018] In one embodiment the stabilizing excipient is a sugar. In another embodiment, 

the sugar is sucrose or trehalose. In still another embodiment, the sugar is present in 

each of the plurality of microstructures at a concentration of about 1% to 20%, 5% to 10%, 

5% to 15%, 10% to 15% or 10% to 20%. In one embodiment, % is weight%.
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[0019] In one embodiment, each of the plurality of microstructures comprises a 

surfactant. In another embodiment, the surfactant is sorbitol. In yet another embodiment, 

the surfactant is Polysorbate 80 and Polysorbate 20. In still another embodiment, the 
surfactant is present in each of the plurality of microstructures at a concentration of about 

0.001% to 0.1%, 0.001% to 0.01%, 0.005% to 0.1%, 0.005% to 0.01%, 0.01% to 0.1%, 

0.01% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.02% to 0.07%, 0.1% to 1.0%, 

0.01% to 1.0%, 0.001% to 1.0%, 0.1% to 5.0%, 1.0% to 5.0% of the distal layer. In one 
embodiment, % is weight%.

[0020] In one embodiment, each of the plurality of microstructures comprises an 

antioxidant. In another embodiment, the antioxidant is ethylenediaminetetraacetic acid 

(EDTA) or ascorbic acid. In still another embodiment, the antioxidant is present in each of 

the plurality of microstructures at a concentration of about 0.001% to 0.1%, 0.001% to 

0.01%, 0.005% to 0.1%, 0.005% to 0.01%, 0.01% to 0.1%, 0.01% to 0.5%, 0.01% to 

0.1%, 0.01% to 0.05%, or 0.02% to 0.07%, 0.1% to 1.0%, 0.01% to 1.0%, 0.001% to

1.0%, 0.1% to 5.0%, 1.0% to 5.0% of the distal layer. In one embodiment, % is weight%. 

[0021] In a second aspect, method for making a microstructure array is provided, 
comprising: (a) mixing a polypeptide solution with a stabilizing excipient to form a 

polypeptide molding solution; (b) dispensing the polypeptide molding solution on a mold 

having an array of microstructure cavities; (c) filling the microstructure cavities in the 
mold; (f) removing excess solution or suspension polymer matrix on the mold surface; (g) 

drying the solution in a chamber having partial pressure of about 50 psi at a temperature 

of about 5°C to 50°C; (h) drying the solution at about 5°C to 50°C to form an array of 

microstructures; and (i) drying the microstructure under vacuum at about 5°C to 50°C. 
[0022] In one embodiment, the drying the solution to form an array of microstructures is 

at about 10°C to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 15°C to 40°C, 15°C to 

30°C, 25°C to 50°C, 25°C to 35°C, or 32°C.

[0023] In one embodiment, the drying the microstructure under vacuum is at about 10°C 

to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 15°C to 40°C, 15°C to 30°C, 25°C to 

50°C, 25°C to 35°C, or 32°C.
[0024] In one embodiment, the drying the basement or backing layer comprises drying in 

an oven at about 5°C to 50°C, 10°C to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 

15°C to 40°C, 15°C to 30°C, 25°C to 50°C, 25°C to 35°C, 30°C to 40°C, 37°C, 35°C, or
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32°C.

[0025] In one embodiment, the chamber uses convection, conduction or radiation for 

drying.

[0026] In one embodiment, the method further comprises (j) dispensing a basement or 

backing layer on the mold surface; and (k) drying the basement or backing layer.

[0027] In one embodiment, the method further comprises affixing the basement or 

backing layer to a substrate.

[0028] In one embodiment, the polypeptide molding solution is lyophilized then 
resuspended in water containing a surfactant prior to dispensing into the mold.

[0029] In a third aspect, a method for making a microstructure array is provided, 
comprising (a) mixing a polypeptide solution with a stabilizing excipient to form a 

polypeptide molding solution; (b) dispensing the polypeptide molding solution on a mold 

having an array of microstructure cavities; (c) filling the microstructure cavities in the 

mold; (f) removing excess solution or suspension polymer matrix on the mold surface; (g) 

drying the solution in a chamber having relative humidity of about 10% to 95% at a 

temperature of about 5°C to 50°C; (h) drying the solution at about 5°C to 50°C to form an 

array of microstructures; and (i) drying the microstructure under vacuum at about 5°C to 

50°C.

[0030] In one embodiment, the drying to solution in a chamber having humidity is done in 

a chamber having a relative humidity of about 25% to 90%, 50% to 85%, or 75% to 90%. 

[0031] In one embodiment, the drying the solution to form an array of microstructures is 

at about 5°C to 50°C, 10°C to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 15°C to 

40°C, 15°C to 30°C, 25°C to 50°C, 25°C to 35°C, or 32°C.
[0032] In one embodiment, the drying the microstructure under vacuum is at about 5°C 

to 50°C, 10°C to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 15°C to 40°C, 15°C to 

30°C, 25°C to 50°C, 25°C to 35°C, or 32°C.

[0033] In one embodiment, drying the basement or backing layer comprises drying in an 

oven at about 5°C to 50°C, 10°C to 50°C, 10°C to 40°C, 10°C to 30°C, 15°C to 50°C, 

15°C to 40°C, 15°C to 30°C, 25°C to 50°C, 25°C to 35°C, or 32°C.
[0034] In one embodiment, the chamber uses convection, conduction or radiation for 

drying.

[0035] In one embodiment, the method further comprises: (j) dispensing a basement or
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backing layer on the mold surface; and (k) drying the basement or backing layer.

[0036] In one embodiment, the method further comprises affixing the basement or 

backing layer to a substrate.

[0037] In one embodiment, the polypeptide molding solution is lyophilized then 

resuspended in water containing a surfactant prior to dispensing into the mold.

[0038] In a fourth aspect, a method for administering a therapeutic macromolecule to a 
mammalian subject is provided, comprising inserting into the skin of the subject a 

microstructure array as described above.

[0039] Additional embodiments of the present microstructures, arrays, methods, and the 

like, will be apparent from the following description, drawings, examples, and claims. As 
can be appreciated from the foregoing and following description, each and every feature 

described herein, and each and every combination of two or more of such features, is 

included within the scope of the present disclosure provided that the features included in 

such a combination are not mutually inconsistent. In addition, any feature or combination 

of features may be specifically excluded from any embodiment of the present invention. 

Additional aspects and advantages of the present invention are set forth in the following 
description and claims, particularly when considered in conjunction with the 

accompanying examples and drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIGS. 1A-1C are illustrations of exemplary shapes for microstructures of the 

arrays described herein.

[0041] FIGS. 2A-2B are illustrations of exemplary shapes for microstructures including a 

funnel shape. FIG. 2A depicts a microstructure having a pyramidal tip with a funnel 

shaped distal portion. FIG. 2B depicts a microstructure having a conical tip, a cylindrical 

shank and a conical funnel distal portion.

[0042] It will be appreciated that the thicknesses and shapes for the various 

microstructures have been exaggerated in the drawings to facilitate understanding of the 

device. The drawings are not necessarily "to scale."

DETAILED DESCRIPTION

[0043] Various aspects now will be described more fully hereinafter. Such aspects may,
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however, be embodied in many different forms and should not be construed as limited to 

the embodiments set forth herein; rather, these embodiments are provided so that this 

disclosure will be thorough and complete, and will fully convey its scope to those skilled in 

the art.

[0044] The practice of the present disclosure will employ, unless otherwise indicated, 

conventional methods of chemistry, biochemistry, and pharmacology, within the skill of 

the art. Such techniques are explained fully in the literature. See, e.g.-, A.L. Lehninger, 
Biochemistry (Worth Publishers, Inc., current addition); Morrison and Boyd, Organic 

Chemistry (Allyn and Bacon, Inc., current addition); J. March, Advanced Organic 

Chemistry (McGraw Hill, current addition); Remington: The Science and Practice of 
Pharmacy, A. Gennaro, Ed., 20th Ed.; Goodman & Gilman The Pharmacological Basis of 

Therapeutics, J. Griffith Hardman, L. L. Limbird, A. Gilman, 10th Ed.

[0045] Where a range of values is provided, it is intended that each intervening value 

between the upper and lower limit of that range and any other stated or intervening value 

in that stated range is encompassed within the disclosure. For example, if a range of 1 

pm to 8 pm is stated, it is intended that 2 pm, 3 pm, 4 pm, 5 pm, 6 pm, and 7 pm are also 

explicitly disclosed, as well as the range of values greater than or equal to 1 pm and the 

range of values less than or equal to 8 pm.

I. Definitions

[0046] As used in this specification, the singular forms "a," "an," and "the" include plural 

referents unless the context clearly dictates otherwise. Thus, for example, reference to a 

"polymer" includes a single polymer as well as two or more of the same or different 

polymers; reference to an "excipient" includes a single excipient as well as two or more of 

the same or different excipients, and the like.

[0047] In describing and claiming the present invention, the following terminology will be 

used in accordance with the definitions described below.

[0048] Optional" or "optionally" means that the subsequently described circumstance 

may or may not occur, so that the description includes instances where the circumstance 

occurs and instances where it does not.

[0049] “Substantially” or “essentially” means nearly totally or completely, for instance, 
90-95% or greater of some given quantity.

7



WO 2014/150293 PCT/US2014/022859

[0050] “Hydrophobic polymer” as used herein refers to polymers that are insoluble or 

poorly soluble in aqueous solvents. “Hydrophilic polymer” as used herein refers to 

polymers that are soluble or substantially soluble in aqueous solvents.

[0051] The terms “microprotrusion”, “microprojection”, “microstructure” or “microneedle” 

are used interchangeably herein to refer to elements adapted to penetrate or pierce at 

least a portion of the stratum corneum or other biological membranes. For example, 

illustrative microstructures may include, in addition to those provided herein, microblades 

as described in U.S. Patent No. 6,219,574, edged microneedles as described in U.S. 

Patent No. 6,652,478, and microprotrusions as described in U.S. Patent Publication No. 

U.S. 2008/0269685 and U.S. 2009/0155330.

[0052] “Transdermal” refers to the delivery of an agent into and/or through the skin for 

local and/or systemic therapy. The same inventive principles apply to administration 

through other biological membranes such as those which line the interior of the mouth, 

gastro-intestinal tract, blood-brain barrier, or other body tissues or organs or biological 

membranes which are exposed or accessible during surgery or during procedures such 

as laparoscopy or endoscopy.

[0053] A material that is “water-soluble” may be defined as soluble or substantially 

soluble in aqueous solvents, such that the material dissolves into, within or below the skin 

or other membrane which is substantially aqueous in nature.

[0054] “Biodegradable” refers to natural or synthetic materials that degrade 

enzymatically, non-enzymatically or both to produce biocompatible and/or toxicologically 

safe by-products which may be eliminated by normal metabolic pathways.

[0055] The term "antibody" is used in the broadest sense and specifically covers 

monoclonal antibodies (including agonist and antagonist antibodies), antibody 

compositions with polyepitopic specificity, and antibody fragments (e.g., Fab, F(ab')2, scFv 

and Fv), so long as they exhibit the desired biological activity. "Antibody" is meant to 

include polyclonal antibodies, monoclonal antibodies, humanized antibodies, human 

antibodies, primatized antibodies and other antibodies produced via genetic engineering. 

[0056] The term "monoclonal antibody" as used herein refers to an antibody obtained 

from a population of substantially homogeneous antibodies, i.e., the individual antibodies 

comprising the population are identical except for possible naturally occurring mutations 

that may be present in minor amounts. Monoclonal antibodies are highly specific, being
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directed against a single antigenic site. Furthermore, in contrast to conventional 

(polyclonal) antibody preparations, which typically include different antibodies directed 

against different determinants (epitopes), each monoclonal antibody is directed against a 
single determinant on the antigen. In addition to their specificity, the monoclonal 

antibodies are advantageous in that they are synthesized by mammalian cell expression 

systems or transgenic technology, uncontaminated by other immunoglobulins. For 

example, the monoclonal antibodies to be used in accordance with the present invention 

may be expressed in goats, as described by Behboodi, et al. (2002) “Transgenic cloned 

goats and the production of therapeutic proteins.” In Principles of Cloning. Elsevier 

Science (USA); and Meade et al. (1999). “Expression of recombinant proteins in the milk 

of transgenic animals in Gene expression systems: using nature for the art of expression.”

J. M. Fernandez and J. P. Hoeffler ed., Academic Press. The modifier "monoclonal" 

indicates the character of the antibody as being obtained from a substantially 

homogeneous population of antibodies, and is not to be construed as requiring production 

of the antibody by any particular method. For example, the monoclonal antibodies to be 

used in accordance with the present invention may be made by the methods described by 

Shepherd et al, Monoclonal Antibodies: A Practical Approach (Oxford University Press, 

2000).

[0057] The term "monoclonal antibodies" also includes "chimeric" antibodies 
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or 

homologous to corresponding sequences in antibodies derived from a particular species 

or belonging to a particular antibody class or subclass, while the remainder of the chain(s) 

is identical with or homologous to corresponding sequences in antibodies derived from 

another species or belonging to another antibody class or subclass, as well as fragments 

of such antibodies, so long as they exhibit the desired biological activity. For example, the 

ability to bind to alpha-4 integrin. The "monoclonal antibodies" may also be isolated from 

phage antibody libraries using the techniques described for example in Clackson et al., 

1991 Nature 352: 624-628 and Marks et al., 1991 J. Mol. Biol., 222: 581-597. 

"Humanized" forms of non-human (e.g., murine, rabbit, bovine, equine, porcine, and the 

like) antibodies are chimeric immunoglobulins, immunoglobulin chains or fragments 

thereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies), which contain minimal sequence derived from non-human immunoglobulin.
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For the most part, humanized antibodies are human immunoglobulins (recipient antibody) 

in which residues from a complementary determining region (CDR) of the recipient are 

replaced by residues from a CDR of a non-human species (donor antibody) such as 
mouse, rat or rabbit having the desired specificity, affinity and capacity. In some 

instances, Fv framework residues of the human immunoglobulin are replaced by 

corresponding non-human residues. Furthermore, humanized antibody may comprise 

residues which are found neither in the recipient antibody nor in the imported CDR or 

framework sequences. These modifications are made to further refine and optimize 

antibody performance. In general, the humanized antibody will comprise substantially all 

of at least one, and typically two, variable domains, in which all or substantially all of the 

CDR regions correspond to those of a non-human immunoglobulin and all or substantially 

all of the FR regions are those of a human immunoglobulin consensus sequence. The 

humanized antibody optimally also will comprise at least a portion of an immunoglobulin 

constant region (Fc), typically that of a human immunoglobulin.

II. Microstructure Arrays

A. Microstructure Array Composition

[0058] Provided herein are compositions and methods for transdermal administration of 

a therapeutic polypeptide using an array of microprojections. General features of 

microstructure arrays suitable for use in the instant arrays and methods are described in 
detail in U.S. Patent Publication No. 2008/0269685, U.S. Patent Publication No. 

2009/0155330, U.S. Patent Publication No. 2011/0006458, and U.S. Patent Publication 

No. 2011/0276028, the entire contents of which are explicitly incorporated herein by 

reference.

[0059] Generally, the number of microstructures in the array is preferably at least about 
50, at least about 100, at least about 500, at least about 1000, at least about 1400, at 

least about 1600, or at least about 2000. For example, the number of microstructures in 

the array may range from about 1000 to about 4000, or from about 2000 to about 4000, or 
from about 2000 to about 3500, or from about 2200 to about 3200. The area density of 

microstructures, given their small size, may not be particularly high, but for example the 
number of microstructures per cm2 may be at least about 50, at least about 250, at least 

about 500, at least about 750, at least about 1000, at least about 2000, or at least about
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3000.

[0060] While the array itself may possess any of a number of shapes, the array is 

generally sized to possess a diameter of from about 5 millimeters (mm) to about 25 mm, 
or from about 7 mm to about 20 mm, or from about 8 mm to about 16 mm. Exemplary 

diameters include 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, 11 mm, 12 mm, 13 mm, 14 

mm, 15 mm, 16 mm, 17 mm, 18 mm, 19 mm, 20 mm, 21 mm, 22 mm, 23 mm, 24 mm, 

and 25 mm.

[0061] The sizes of the microneedles and other protrusions for use with this invention will 

be a function of the manufacturing technology and of the precise application. In general, 

however, microstructures and other microprotrusions used in practice may be expected to 
have a height of at least about 20 pm to about 1000 pm, more preferably from about 50 

pm to about 750 pm and most preferably from about 100 pm to about 500 pm. In specific, 

but not limiting embodiments, the microstructures have a height of at least about 100 pm, 

at least about 150 pm, at least about 200 pm, at least about 250 pm, or at least about 300 

pm. In general it is also preferred that the microprojections have a height of no more than 
about 1 mm, no more than about 500 pm, no more than about 300 pm, or in some cases 

no more than about 200 pm or 150 pm. Often it will be desired that the microprotrusions 
will be long enough to penetrate at least partially through the stratum corneum layer of 

skin at some suitable point of application on the human body, for example the thigh, hip, 

arm, or torso. The microprojections may have an aspect ratio of at least 3: 1 (height to 
diameter at base), at least about 2:1, or at least about 1:1.

[0062] The microprojections may have any suitable shape including, but not limited to 

polygonal or cylindrical. Particular embodiments include pyramidal including a four-sided 

pyramid, a funnel shape, a cylinder, a combination of funnel and cylinder shape having a 

funnel tip and a cylindrical base, and a cone with a polygonal bottom, for example 

hexagonal or rhombus-shaped. Other possible microprojection shapes are shown, for 

example, in U.S. Published Patent App. 2004/0087992 and in U.S. Application No. 

(Attorney Docket No. 091500-0439 filed Dec. 21, 2012). Microprojections may in some 

cases have a shape which becomes thicker towards the base, for example 

microprojections which have roughly the appearance of a funnel, or more generally where 

the diameter of the microprojection grows faster than linearly with distance to the 

microprojection distal end. It will be appreciate that polygonal microprojections may also
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have a shape which becomes thicker toward the base or where a radius or diameter 

grows faster than linearly with distance to the microprojection distal end. Where 

microprojections are thicker towards the base, a portion of the microprojection adjacent to 

the base, which may be called the "foundation," may be designed not to penetrate the 
skin.

[0063] One illustrative shape for the microstructures is a cone with a polygonal bottom, 

for example, being hexagonal or rhombus-shaped. Additional microstructure shapes 

include those provided, for example, in U.S. Patent Publication No. 2004/0087992. In 

embodiments, at least a portion of the microstructure shape may be substantially 

cylindrical, cone-shaped, funnel-shaped, or pyramidal. In further embodiments, at least a 

portion of the microstructures has an asymmetrical cross-dimensional shape. Suitable 

asymmetric shapes include, but are not limited to, rectangular, square, oval, elliptical, 

circular, rhombus, triangular, polygonal, star-shaped, etc. In some embodiments, the 

distal layer has a cross-dimension in one direction that is smaller than the cross

dimension in the other direction. Exemplary cross-dimensional shapes with this 

configuration include, but are not limited to, rectangular, rhombus shaped, ellipse, and 

oval (see FIGS. 1A-1C for examples). It will further be appreciated that different portions 

and/or layers of a microstructure may have different cross-dimensional shapes. At least a 

portion of the microstructures may include one or more blade or piercing elements along 
its length and/or at the distal tip.

[0064] Microstructure shape can be understood in terms of a tip, a shank and a funnel. 

The angle at the tip is the apex angle - included angle by the planes or cone - and can 

have values from about 5 degree to about 60 degrees. The straight or substantially 
straight shank may or may not be present in a particular microstructure design. At the 

base of the shank or tip, towards the distal end, the included angle has a discontinuity or 

a point of inflection. The included angle jumps to take on a value greater than the apex 

angle for a shank-less tip and to greater than 0 degrees for microstructures with a shank. 

Portions of the microstructure beyond this point of inflection may be referred to as a 

“funnel”. FIGS. 2A and 2B show examples of cross sectional elevation of the 
microstructures delineating different regions including the tip 24, shank 26, inflection point 

or edge 28 and the funnel 30. In Fig. 2B, the diameter of the microstructure is growing 
faster than linear fashion with respect to the distance from the distal end. Where
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microstructures are thicker towards the base, a portion of the microstructure adjacent to 

the base, which may be referred to herein as a “proximal portion” "backing portion", 
“basement”, “foundation”, or as an "upper portion", may be designed not to penetrate the 

skin.

[0065] The proximal funnel shape allows for relatively larger volumes to be dispensed in 

the microstructure mold for a given total length of the microstructure. The proximal funnel 

shape provides a larger volume (to fill) without requiring a proportional increase in 
microstructure height, which results in a longer drug containing portion in the 

microstructure. Thus, the proximal funnel shape allows for a larger solid volume for the 

distal portion of the microstructure with a single fill of the mold. Other shapes may require 

several fill and dry cycles to achieve the same amount of solid distal portion as one fill and 

dry cycle for the funnel shaped microstructures.

[0066] In one exemplary embodiment, at least a portion of the microstructures have a 

cylindrical funnel shape as shown in the array of Fig. 2B. As seen in the image, 

microstructures with this shape have a cylindrical shank and a funnel at the proximal end. 

In this embodiment, the distal tips of the microstructures typically, but not always, have a 

sharp, pointed or conical distal end to ease and/or facilitate penetration. The 

microstructures further have a funnel shape at the proximal end and a cylindrical shank 

between the distal and proximal ends.

[0067] The funnel portion may also be used to limit the depth of penetration. Since the 
funnel has a several times higher volume per unit height than the tip or shank, it also 

requires several times higher energy to penetrate per unit depth than the tip or shank. 

Hence for a given energy, the microstructure would typically penetrate no more than the 

length of the tip and shank. The funnel thus effectively acts as the design element in the 

microstructure that limits the depth of penetration thereby ensuring tolerable sensation. 

[0068] In embodiments, the microstructures have a sharp point or tip. A tip diameter of 

less than about 5 pm or 2 pm may be desirable. A tip diameter of less than about 1.5 pm 

is preferred, as is a tip diameter of less than about 1 pm.

[0069] The microprojections may be spaced about 0-500 pm apart. In specific, but not 

limiting embodiments, the microprojections are spaced about 0 pm, about 50 pm, about 

100 pm, about 150 pm, about 200 pm, about 250 pm, about 300 pm, about 350 pm, 

about 400 pm, about 450 pm, or about 500 pm apart. The space between the
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microprojections may be measured from the base of the microprojections (base to base) 

or from the tip (tip to tip).

[0070] In further embodiments, at least a portion of the microprojections may be 

detachable from the microprojection array. Detachable microprojection arrays are 
described in U.S. Patent Publication 2009/0155330 and in U.S. Patent Application No. 

(Attorney Docket No. 091500-0439 filed Dec. 21, 2012), each of which is incorporated 

herein by reference. Detachable microprojection arrays may be accomplished by a 

number of approaches including, but not limited to, a layered approach in which the array 

is composed of multiple layers, and a layer comprising the areas where the 

microprojections attach to the base of the array is more readily degradable than other 

layers.

[0071] One potential advantage of detaching microprojections is elimination of sharp 

disposal requirements. Another potential advantage of detaching microprojections is 

elimination of needle stick injury. Another potential advantage of detaching 

microprojections is elimination of misuse, for example needle sharing, since the substrate 

without microprojections or with microprojections whose tips have been blunted due to 
biodegradation will not penetrate the skin. Another potential advantage of detaching 

microprojections is the avoidance of drug misuse because drug enriched tips are 

dissolved in the skin and no or minimal drug is left in the array.

[0072] Alternatively, an array made of a homogeneous material may be employed, in 

which the material is more readily degradable at lower pH's. Arrays made of such a 

material will tend to degrade more readily near the attachment points because these, 

being closer to the surface of the skin, are at a lower pH than the distal ends of the 

microprojections. (The pH of the skin's surface is generally lower than that of the skin 

further inwards, pH being for example approximately 4.5 on the surface and 

approximately 6.5 to 7.5 inward).

[0073] Materials whose solubility is dependent on pH can be, for example, insoluble in 
pure water but dissolve in acidic or basic pH environment. Using such materials or 

combination of materials, the arrays can be made to differentially biodegrade at the skin 

surface (PH approximately 4.5) or inside the skin. In the former, the whole array can 

biodegrade while in the latter, the microprojection portion of the array will biodegrade 

allowing the base substrate to be removed and discarded.
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[0074] Materials whose degradability in an aqueous medium is dependent on pH may be 

made, for example, by utilizing the acrylate copolymers sold by Rohm Pharma under the 

brand name Eudragit, which are widely used in pharmaceutical formulation. A further 

example of a material with pH-dependent solubility is hydroxypropyl cellulose phthalate. 
Materials with pH-dependent solubility have been developed, for example, for use as 

enteric coatings in oral dosage forms. See, e.g., U.S. Patent No. 5,900,252 and 

Remington's Pharmaceutical Sciences (18th ed. 1990).

[0075] It may also be desirable for the microprojection array of the invention to comprise 

one or more additional layers in addition to the layer which comprises the therapeutic 

agent. There are a number of reasons why arrays with multiple layers may be desirable. 

For example, it is often desirable that, compared to the whole volume of the 

microprojection array, the microprojections themselves have a higher concentration of 

active ingredient. This is so, for example, because the microprojections can be expected 

in many cases to dissolve more rapidly, being in a more hydrated environment than the 

base of the array. Furthermore, in some protocols for array application, the array may be 

left in for a short period of time during which essentially only the microprojections can 
dissolve to a substantial extent. The desirability of placing a higher concentration of active 

in the projections themselves is particularly acute when the active is costly. A way to 

achieve a higher concentration of active in the projections themselves is to have a first 

active-containing layer which includes the microprojections or a substantial proportion of 

the microprojections, and a second layer with a reduced or zero concentration of active 

which includes the base or a substantial proportion of the base.

B. Manufacturing Microproiection Arrays

[0076] Microprojection arrays as described herein may be fabricated by the techniques 

for the fabrication of two-layer arrays which are disclosed in U.S. Provisional Patent 

Applications Nos. 601923,861 and 601925,462 (the priority documents for U.S. Patent 

Application Serial No. 121148,180). The application of these techniques in the context of 

polypeptides is summarized here.

[0077] In general, an array is prepared by (a) providing a mold with cavities 

corresponding to the negative of the microprotrusions, (b) filling the mold with a casting 
solution comprising a pharmaceutically active agent and a solvent, (c) removing the 

solvent, and (d) demolding the resulting array from the mold. In one or more
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embodiments, the microprojections themselves comprise the active agent, as opposed to 

having the active agent present as a coating on a microprojection or microneedle made of 

a biocompatible material such as a metal.

[0078] The microstructure of the microstructure arrays referred to, for example, in U.S. 

Patent Publication No. 2008/0269685, U.S. Patent Publication No. 2009/0155330, U.S. 

Patent Publication No. 2011/0006458, and U.S. Patent Publication No. 2011/0276028 is 

usually comprised of polymer, excipients and the pharmaceutically active agent (API). A 

structure-forming polymer is added to provide mechanical strength and structure stability 

to the microprojections, enabling the microstructure to penetrate the skin. The polymer is 

also biocompatible, as well as inert to most APIs.

[0079] At least a portion of the microstructures as described in the patent publications 

referred to above is formed of a biodegradable, bioerodible, bioabsorbable and/or 

biocompatible polymer matrix. Biocompatible, biodegradable, bioabsorbable and/or 

bioerodible structure-forming polymers for use in the described microprojection arrays 

include poly(lactic acid) (PLA), poly(glycolic acid) (PGA), poly(lactic acid-co-glycolic acid)s 

(PLGAs), polyanhydrides, polyorthoesters, polyetheresters, polycaprolactones (PCL), 

polyesteramides, poly(butyric acid), poly(valeric acid), polyvinylpyrrolidone (PVP), 

polyvinyl alcohol (PVA), polyethylene glycol (PEG), block copolymers of PEG-PLA, PEG- 

PLA-PEG, PLA-PEG-PLA, PEG-PLGA, PEG-PLGA-PEG, PLGA-PEG-PLGA, PEG-PCL, 

PEG-PCL-PEG, PCL-PEG-PCL, copolymers of ethylene glycol-propylene glycol-ethylene 

glycol (PEG-PPG-PEG, trade name of Pluronic® or Poloxamer®), dextran, hetastarch, 

tetrastarch, pentastarch, hydroxyethyl starches, cellulose, hydroxypropyl cellulose (HPC), 

sodium carboxymethyl cellulose (Na CMC), thermosensitive HPMC (hydroxypropyl methyl 

cellulose), polyphosphazene, hydroxyethyl cellulose (HEC), other polysaccharides, 

polyalcohols, gelatin, alginate, chitosan, hyaluronic acid and its derivatives, collagen and 

its derivatives, polyurethanes, and copolymers and blends of these polymers. A preferred 

hydroxyethyl starch for this use has a degree of substitution of in the range of 0-0.9.
[0080] The biodegradability or dissolvability of the microprojection arrays as described in 

the above-referenced patent publications may be facilitated by the inclusion of one or 

more sugar. Exemplary sugars include dextrose, fructose, galactose, maltose, maltulose, 

iso-maltulose, mannose, lactose, lactulose, sucrose, and trehalose. Sugar alcohols, for 

example lactitol, maltitol, sorbitol, and mannitol, may also be employed. Cyclodextrins can
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also be used advantageously in microneedle arrays, for example α, β, and y 

cyclodextrins, for example hydroxypropyl-3-cyclodextrin and methyl-3-cyclodextrin. 

Sugars and sugar alcohols may also be helpful in stabilization of peptides and proteins 

and in modifying the mechanical properties of the microprojections by exhibiting a 

plasticizing-like effect.

[0081] The biodegradability of a microstructure array as described in the above- 

referenced patent publications may also be facilitated by inclusion of water-swellable 

polymers such as crosslinked PVP, sodium starch glycolate, crosslinked polyacrylic acid, 

crosscarmellose sodium, celluloses, natural and synthetic gums, polysaccharides, or 

alginates. In a multilayer array, the sugars and other polymers which facilitate 
biodegradability may be located only in a layer or layers which encompass the 

microprojections. These polymers may also be used as structure-forming polymers.

[0082] Further, the structure-forming polymers used in a microstructure array as 

described in the above-referenced patent publications may possess a variety and range 

of molecular weights. The polymers may, for example, have molecular weights of at least 
about 1K Da, at least about 5K Da, at least about 10K Da, at least about 20K Da, at least 

about 30K Da, at least about 50K Da, or at least about 100K Da. Where the 

microstructure is meant to be biodegradable, it may be desired to have biodegradable 

portion(s) comprise one or more polymers having a lower molecular weight. The 
strength-molecular weight relation in polymers is an inverse relation so structure-forming 

polymers with lower molecular weights have a lower strength and will tend to be more 

biodegradable. Further polymers with a lower molecular weight will be more likely to 

break due to the lower strength. In embodiments described in the above-reference patent 
publications, at least the distal layer comprises at least one structure-forming polymer 

having a lower molecular weight. In an embodiment, at least the distal layer comprises at 

least one structure-forming polymer having a molecular weight less than about 100K Da. 

In another embodiment, at least the distal layer comprises at least one structure-forming 

polymer having a molecular weight less than about 20K Da. In other embodiments, at 

least the distal layer comprises at least one structure-forming polymer having a molecular 

weight less than about 1K Da, less than about 5K Da, less than about 10K Da, less than 

about 15K Da or less than about 20K Da. In one embodiment, at least the distal layer 

comprises at least one structure-forming polymer having a molecular weight of between
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about 1K-100K Da or between about 1K-20K Da. In other embodiments, the distal layer 

comprises at least one structure-forming polymer having a molecular weight of between 

about 1K-100K Da, between about 1000-5000 Da, between about 1000-10,000 Da, 

between about 1000-15,000 Da, between about 5000-10,000 Da, between about 5000

15,000 Da, between about 5000-20,000 Da, between about 10,000-15,000 Da, between 

about 10,000-20,000 Da, and between about 15,000-20,000 Da.

[0083] Nevertheless, the polymer may sometimes not be compatible with a particular 
API, resulting in difficult challenges for loading such APIs. For this reason it is desirable to 

develop a structure-forming polymer-free microstructure which may be used for 

formulation of APIs which are incompatible with polymers in use for microstructure arrays 

as described above.

III. Microstructure Arrays with Structure-Forming Polymer-Free Microstructure

A. Structure-Forming Polymer-Free Microstructure Compositions

[0084] As described in more detail below, it was unexpectedly found that formulation of a 

polymer-free microstructure is capable of forming a solid microstructure with mechanical 
strength sufficient for penetrating skin if the API has a high enough molecular weight. 

Such microstructures are formulated using a solution of a high molecular weight 

macromolecule in solution with a stabilizing excipient such as sorbitol, sucrose, or 

trehalose. In some embodiments, a macromolecule solution is lyophilized then 

reconstituted with water containing a surfactant (e.g., Polysorbate 20) to a formulation 
with a macromolecule concentration greater than about 200 mg/ml.

[0085] Importantly, without adding any of the structure-forming polymers described 

above with reference to U.S. Patent Publication No. 2008/0269685, U.S. Patent 

Publication No. 2009/0155330, U.S. Patent Publication No. 2011/0006458, and U.S. 

Patent Publication No. 2011/0276028, to the polypeptide solution, before or after 

lyophilization and reconstitution, the casting solution dispensed into the microarray mold 

will produce a microstructure capable of penetrating the skin and administering the 

macromolecule. More specifically, the distal layer of the microstructure does not comprise 
a structure-forming polymer.

[0086] The structure-forming polymer-free microstructures as described in more detail
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below are able to release the incorporated macropolymer into a subcutaneous layer over 

an extended period of time.

[0087] In a preferred embodiment, the macromolecule is a polypeptide or peptide. 

Glycosylation of the polypeptide to peptide may increase the molecular weight and may 

impart structural and/or mechanical strength of the microstructure into which the 

macromolecule is formulated.

[0088] It is thought that the high molecular weight structure of the macromolecule 

provides the necessary mechanical strength to the microstructure. Such polypeptides 

may have a molecular weight of at least 100,000 Daltons (Da), or between about 100,000 

Da and about 1,000,000 Da.

[0089] Alternatively, smaller polypeptides (peptides), having a molecular weight of about 

10,000 Da to about 100,000 Da, may be formulated into the microstructures. In some 

embodiments, these peptides are glycosylated to produce an API with a larger molecular 

weight and molecular radius, thereby imparting the necessary mechanical strength to the 

microstructure.

[0090] Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked 

refers to the attachment of the carbohydrate moiety to the side chain of an asparagine 

residue. The tripeptide sequences asparagine-X-serine and asparagine-X-threonine, 

where X is any amino acid except proline, are the recognition sequences for enzymatic 

attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence 

of either of these tripeptide sequences in a polypeptide creates a potential glycosylation 

site. O-linked glycosylation refers to the attachment of one of the sugars N- 

aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine 

or threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.

[0091] Addition of glycosylation sites to the polypeptide is conveniently accomplished by 

altering the amino acid sequence such that it contains one or more of the above

described tripeptide sequences (for N-linked glycosylation sites). The alteration may also 

be made by the addition of, or substitution by, one or more serine or threonine residues to 

the sequence of the original antibody (for O-linked glycosylation sites).

[0092] Examples of peptides and proteins which may be used with the microstructure 

arrays include, but are not limited to, parathyroid hormone (PTH), oxytocin, vasopressin, 
adrenocorticotropic hormone (ACTH), epidermal growth factor (EGF), prolactin, luteinizing
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hormone, follicle stimulating hormone, luliberin or luteinizing hormone releasing hormone 

(LHRH), insulin, somatostatin, glucagon, interferon, gastrin, tetragastrin, pentagastrin, 

urogastrone, secretin, calcitonin, enkephalins, endorphins, kyotorphin, taftsin, 

thymopoietin, thymosin, thymostimulin, thymic humoral factor, serum thymic factor, tumor 

necrosis factor, colony stimulating factors, motilin, bombesin, dinorphin, neurotensin, 

cerulein, bradykinin, urokinase, kallikrein, substance P analogues and antagonists, 
angiotensin II, nerve growth factor, blood coagulation factors VII and IX, lysozyme 

chloride, renin, bradykinin, tyrocidin, gramicidines, growth hormones, melanocyte 

stimulating hormone, thyroid hormone releasing hormone, thyroid stimulating hormone, 

pancreozymin, cholecystokinin, human placental lactogen, human chorionic gonadotropin, 

protein synthesis stimulating peptide, gastric inhibitory peptide, vasoactive intestinal 
peptide, platelet derived growth factor, growth hormone releasing factor, bone 

morphogenic protein, and synthetic analogues and modifications and pharmacologically 

active fragments thereof. Peptidyl drugs also include synthetic analogs of LHRH, e.g., 
buserelin, deslorelin, fertirelin, goserelin, histrelin, leuprolide (leuprorelin), lutrelin, 

nafarelin, tryptorelin, and pharmacologically active salts thereof. Administration of 

oligonucleotides is also contemplated, and includes DNA and RNA, other naturally 

occurring oligonucleotides, unnatural oligonucleotides, and any combinations and/or 

fragments thereof. Currently marketed therapeutic antibodies include but are not limited to 

Orthoclone OKT3 (muromonab CD3), ReoPro (abciximab), Rituxan (rituximab), Zenapax 

(daclizumab), Remicade (infliximab), Simulect (basiliximab), Synagis (palivizumab), 

Herceptin (trastuzumab), Mylotarg (gemtuzumab ozogamicin), CroFab, DigiFab, Campath 

(alemtuzumab), and Zevalin (ibritumomab tiuxetan).

[0093] The polypeptide solution generated to make a polypeptide casting or molding 
solution may have a polypeptide concentration of at least 10 mg/ml to about 400 mg/ml. 

[0094] The polypeptide solution containing the therapeutic polypeptide may comprise a 

stabilizing excipient, including but not limited to, polyols, sugars, amino acids, amines, 

and salting out salts. Sucrose and trehalose are the most frequently used sugars and 

large polyols are in general better stabilizers than smaller polyols. Additional sugars 

which may be used include, but are not limited to, fructose and dextrose. Hydrophilic 

polymers, such as polyethylene glycols (PEGs), polysaccharides, and inert proteins, are 

used to non-specifically to stabilize proteins and enhance protein assembly. Examples
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include dextran, hydroxyl ethyl starch (HETA), PEG-4000, and gelatin. Smaller PEGs 

have been found to be less effective than larger ones. Additionally, non-polar moieties on 

certain polymers such as PEGs and Pluronics can decrease water surface tension 
rendering them as surfactants that suppress surface adsorption induced aggregation. 

Non-ionic surfactants are widely used to stabilize proteins, suppress aggregation, and 

assist in protein refolding. Polysorbate 80 and Polysorbate 20, also known as Tween 80 

and Tween 20, respectively, have been widely incorporated in marketed protein 

pharmaceuticals at 0.0003-0.3% range. Other examples include Brij 35, Triton X-10, 

Pluronic F127, and sodium doceyl sulfate (SDS). Amino acids. These excipients stabilize 

proteins by a variety of mechanisms. Examples include histidine, arginine, and glycine. 

Other amino acids used as formulation excipients include methionine, proline, lysine, 

glutamic acid, and arginine mixtures.

B. Methods for Making Structure-Forming Polymer-Free Microstructures

[0095] The microarray microstructures are constructed using a solution of a polypeptide. 

The solution is preferably an aqueous solution which may be buffered, such as with a 

phosphate buffered saline at a pH of about 5.0 to 8.0, or about 6.5 to 7.5, which helps to 

preserve the native structure of the polypeptide. Alternatively, the solution is buffered with 

a histidine buffer, with a pH of about 5.0 to 7.0 or 5.5 to 6.5 or about 6.0. In some 
embodiments, a stabilizing excipient such as a sugar is added to the solution. When 

concentrations greater than about 100 mg/ml or 200 mg/ml are desired for therapeutically 

effective administrations, the solution may be lyophilized and reconstituted in an 

appropriate volume of a buffered aqueous solution. Reconstitution of the lyophilized 
polypeptide composition may be done in water for injection which contains a surfactant 

such as Polysorbate 20 or Polysorbate 80. The polypeptide solutions for casting may 

further comprise an antioxidant such as ethylenediaminetetraacetic (EDTA), glutathione, 

methionine, cysteine, D-alpha tocopherol aceta, vitamin E or ascorbic acid. Suitable 

components are nontoxic to recipients at the dosages and concentrations employed. 

Further examples of components that may be employed in pharmaceutical formulations 
are presented in Remington's Pharmaceutical Sciences, 16th Ed. (1980) and 20th Ed. 

(2000), Mack Publishing Company, Easton, Pa.

[0096] The polypeptide casting composition is then dispensed over a microstructure 
mold and dried in a chamber having a relative humidity of at least about 10%. In some
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preferred embodiments, the relative humidity is about 80% to 90%. This chamber is set 

at a temperature ranging from about 20°C to 50°C but is preferably about 25°C to 30°C. 

The mold is then dried in an oven set at about 5°C to 50°C, or more generally about 30 °C 
to 35 °C. The oven may dry the mold via convention, conduction or radiation heat.

[0097] When the microstructure arrays comprising the structure-forming polymer-free 

microstructures formulated with a macromolecule are administered to the skin of a 

mammal, the microstructures have the structural and mechanical strength sufficient to 

allow each microstructure to penetrate the skin at an efficiency which is at least as 

efficient as a microstructure formulated with a structure-forming polymer as described in 

previous patent publications detailed above.

[0098] The final microstructure array when fabricated as described herein contains about 

1 mg to 25 mg, 2 mg to 20 mg, 5 mg to 15 mg, 1 mg to 10 mg, 2 mg to 80 mg, 4 mg to 5 

mg, 5 mg to 10 mg, 10 mg to 20 mg, 10 mg to 15 mg, 13 mg to 17 mg, 15 mg to 20 mg, or 

5 mg to 15 mg of the macromolecule for administration to a subject.

[0099] Importantly, the macromolecules formulated within the structure-forming polymer- 

free microstructures remain stable and therapeutically effective. Stability of the released 

macromolecule may be measured using a variety of methods, including but not limited to, 
measurement of aggregation and oxidation. To measure aggregation, macromolecules 

released by or extracted from structure-forming polymer-free microstructures are 
analyzed for the formation of high molecular mass species using size exclusion high 

performance liquid chromatograph (SEC-HPLC). Oxidation of methionine residues are 

monitored using, for example, a Lys-C proteolysis mapping assay and reverse phase 

HPLC.

IV. Methods of Use

[0100] The methods, kits, microstructure arrays and related devices described herein 

may be used for treating any condition. It will be appreciated that the microstructure 

arrays may be used with any appropriate applicator including the applicator described in 
U.S. Publication No. 2011/0276027, which is incorporated by reference herein in its 

entirety.

V. Examples

[0101] The following examples are illustrative in nature and are in no way intended to be
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limiting. Efforts have been made to ensure accuracy with respect to numbers (e.g., 

amounts, temperature, etc.) but some errors and deviations should be accounted for. 

Unless indicated otherwise, parts are parts by weight, temperature is in °C and pressure 

is at or near atmospheric.

EXAMPLE 1

FORMULATING A MICROSTRUCTURE WITH A MONOCLONAL ANTIBODY

[0102] A solution containing a monoclonal antibody is mixed with a stabilizing excipient 

such as sucrose or trehalose to form an antibody concentration of about 50 mg/ml to 100 

mg/ml. To create a solution with a monoclonal antibody concentration greater than about 

100 mg/ml or 200 mg/ml, the solution is lyophilized, then reconstituted with water for 

injection (WFI) containing a surfactant such as sorbitol for drug-in-tip (DIP) formulations for 

casting microstructures.

[0103] About 75 pL of liquid DIT formulation is dispensed on a silicone mold, covered 

with a 22 mm x 30 mm glass cover slip to spread the formulation on the mold, and then 

pressurized for 1 minute at about 40 to 60 psi. The formulation is then wiped and the 
mold dried in a chamber with about 80% to 90% relative humidity (RH), at room 

temperature for about 10 to 15 minutes. The mold is then incubated for about 30 minutes 

in an oven at about 30°C to 35°C. A polylactide-co-glycolide (PLGA) layer is then casted 

onto array to connect the microstructures.

[0104] The construct is dried in a compressed dry air box for about 30 minutes, and 
then in a convection oven at about 40°C to 50°C for about 30 minutes.

[0105] UV adhesive is then dispensed on the top of the PLGA layer, covered with 5 ml 

polycarbonate (PC) film to spread the adhesive, and then cured using a UV Fusion 
system. The UV curing dose is about 1.6 J/cm2. After curing the microstructure array 

comprising the DIT layer, PLGA layer, and UV adhesive backing layer on PC, the 

structure is die cut with an 11 mm or 16 mm punch. The microstructure array is dried 
under full vacuum at room temperature overnight followed by full vacuum at about 30°C to 

40°C for 6 hours. The microstructures were pouched individually with desiccant in polyfoil 

pouches.
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EXAMPLE 2

MONOCLONAL ANTIBODY STABILITY WITHIN THE MICROSTRUCTURE

[0106] Effects of the microstructure formulation on stability of the monoclonal antibody 

are assessed by measuring oxidation of methionine residues in the monoclonal antibody. 

This is done by Lys-C proteolytic mapping using reverse phase HPLC.

[0107] Monoclonal antibody is extracted from the microstructure by submerging the 

microstructure in 20 mM acetate buffer with 0.05% Tween 20 for approximately 1 hour on 

a low speed shaker. The extraction is analyzed by Lys-C proteolysis and size exclusion 
high performance liquid chromatography (SEC-HPLC) for monitoring aggregation.

[0108] Changes in in High Molecular Mass species (HMMs) and methionine oxidation 

are monitored over 4 weeks at 5°C, 25°C and 40°C. If the monoclonal antibody remains 

stable when formulated as described above, there will be no significant increase in HMMs 

of the monoclonal antibody, compared to the initial material (API bulk).

EXAMPLE 3

IN VITRO SKIN PENETRATION EFFICIENCY

[0109] Experiments are performed to assess the mechanical strength and penetration 

efficiency of the microstructure arrays formulated as described in Example 1. In vitro 

performance is characterized by the microstructure array’s ability to penetrate excised pig 

skin as compared to a microstructure array fabricated using structure-forming polymers. 

[0110] Full-thickness pig skin is excised from the abdomen and then clipped and 

shaved to remove hair bristles. Microstructure arrays are applied to shaved skin sites 

using a reusable application and held by hand in situ for about 5 to 15 minutes. 

Application sites are stained and photographed to visualize the microstructure 

penetrations. Penetrations are quantified using a custom developed image analysis 

program. Skin penetration efficiency (SPE) is then calculated based on the theoretical 

number of microstructures expected for the constructed microstructure array as follows:

%SPE = 100 x (no. penetrations/no. microstructures)

[0111] If the microstructure arrays fabricated with and without structure-forming
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polymers show equivalent SPE, it can be concluded that microstructure arrays having 

microstructures void of structure-forming polymers are equivalently strong and effective 
as those having a microstructure containing a structure-forming polymer.

[0112] In vitro skin penetration efficiency experiments can also be done to compare 

the strength of microstructures in the presence of difference stabilizing excipients. 

Microstructure arrays are fabricated as described above in which microstructures are 

formulated with either sucrose or trehalose as a protein stabilizer. The arrays are then 

applied to shaved skin sites on pig skin using a reusable application and held by hand in 

situ for about 5 to 15 minutes. Equally excellent SPE using both arrays indicate that 
strong mechanical strength is achieved when using different sugars as the stabilizing 

excipient.

[0113] The effects of humidity on skin penetration efficiency is also tested is a similar 

manner as above. The microstructure arrays are exposed to 65% relative humidity for 10 

minutes. The SPE of microstructure arrays which are or are not exposed to 65% relative 

humidity are then compared. If both arrays have a high SPE (e.g., greater than 80%), this 

indicates that the microstructure array, even in the absence of structure-forming polymer, 

is mechanically strong, even after exposure to a humid environment. Like structure

forming polymer-containing microstructure arrays, the polymer-free microstructure arrays 

have both good mechanical performance and high humidity tolerance.

[0114] While a number of exemplary aspects and embodiments have been discussed 

above, those of skill in the art will recognize certain modifications, permutations, additions 

and sub-combinations thereof. It is therefore intended that the following appended claims 

and claims hereafter introduced are interpreted to include all such modifications, 

permutations, additions and sub-combinations as are within their true spirit and scope.

EXAMPLE 4

FORMULATING A MICROSTRUCTURE WITH A POLYPEPTIDE

[0115] A solution containing a polypeptide is mixed with either sucrose or trehalose as a 
stabilizing excipient. The solution is then lyophilized and reconstituted with water for 

injection (WFI) containing Polysorbate 20 (PS20) to form a polypeptide casting solution with 

a polypeptide concentration greater than 200 mg/ml for casting the microstructures.
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[0116] About 75 μΙ_ of liquid DIT formulation is dispensed on a silicone mold, covered 

with a 22 mm x 30 mm glass cover slip to spread the formulation on the mold, and then 

pressurized at 50 psi for 1 minute. The formulation is then wiped and the mold dried in a 

chamber with 85% relative humidity (RH), at room temperature for 10 minutes. The mold 

was then incubated for about 30 minutes in an oven at 32°C. A polylactide-co-glycolide 

(PLGA) layer was casted on the array to connect the microstructures.

[0117] The construct is dried in a compressed dry air box for 30 minutes, and then 

dried by convection, conduction or radiation at 45°C for 30 minutes.

[0118] UV adhesive is then dispensed on the top of the PLGA layer, covered with 5 ml 

polycarbonate (PC) film to spread the adhesive, and then cured using a UV Fusion 
system. The UV curing dose is about 1.6 J/cm2. After curing the microstructure array 

comprising the DIT layer, PLGA layer, and UV adhesive backing layer on PC, the 

structure was die cut with an 11 mm or 16 mm punch. The microstructure array is dried 

under full vacuum at room temperature overnight followed by full vacuum at 35 °C for 6 

hours. The microstructures are pouched individually with desiccant in polyfoil pouches. 

[0119] 1. A microstructure apparatus comprising:

a backing having a first surface and a second surface opposed thereto; 

a microstructure array comprising a plurality of microstructures extending outwardly

from the first surface of the backing;

each of the plurality of microstructures comprising a biodegradable distal layer and 

at least one proximal layer positioned between the distal layer and the first surface of the 
backing;

wherein the distal layer comprises at least one therapeutic macromolecule and a 
stabilizing excipient, wherein the at least one therapeutic macromolecule is present in the 

distal layer at a concentration of about 30% to 90%.

2. The microstructure apparatus of embodiment 1, wherein the distal layer does not 

comprise a structure-forming polymer.

3. The microstructure apparatus of the separate or combined embodiments 1 and 2, 

wherein the macromolecule is a polypeptide.

4. The microstructure apparatus of the separate or combined embodiments 1 and 2, 

wherein the macromolecule is a protein.
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5. The microstructure apparatus of the separate or combined embodiments 1-4, 

wherein the macromolecule is a monoclonal antibody.

6. The microstructure apparatus of the separate or combined embodiments 1 -5, 

wherein the macromolecule is glycosylated.

7. The microstructure apparatus of the separate or combined embodiments 1-6, 

wherein the macromolecule is present in each of the plurality of microstructures in an 

amount of about 0.05 pg to 5 pg.

8. The microstructure apparatus of the separate or combined embodiments 1 -7, 
wherein the stabilizing excipient is a sugar.

9. The microstructure apparatus of the separate or combined embodiments 1 -8, 
wherein the distal layer comprises a surfactant.

10. The microstructure apparatus of the separate or combined embodiments 1 -9, 
wherein the surfactant is present at a concentration of about 0.01 % to 1.0%.

11. The microstructure apparatus of the separate or combined embodiments 1 -10, 
wherein the distal layer comprises an antioxidant.

12. A microstructure apparatus comprising:

a backing having a first surface and a second surface opposed thereto; 

a microstructure array comprising a plurality of microstructures extending outwardly

from the first surface of the backing;

each of the plurality of microstructures comprising a biodegradable distal layer and 

at least one proximal layer positioned between the distal layer and the first surface of the 
backing;

wherein the distal layer comprises at least one therapeutic macromolecule and a 
stabilizing excipient, wherein the distal layer does not comprise a structure-forming 

polymer.

13. The microstructure apparatus of embodiment 12, wherein the at least one 

therapeutic macromolecule is present in the distal layer at a concentration of about 30% 

to 90%.

14. The microstructure apparatus of the separate or combined embodiments 12 and
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13, wherein the macromolecule is a polypeptide.

15. The microstructure apparatus the separate or combined embodiments 12-14, 

wherein the macromolecule is a protein.

16. The microstructure apparatus of the separate or combined embodiments 12-15, 

wherein the macromolecule is a monoclonal antibody.

17. The microstructure apparatus of the separate or combined embodiments 12-16, 

wherein the macromolecule is glycosylated.

18. The microstructure apparatus of the separate or combined embodiments 12-17, 

wherein the macromolecule is present in each of the plurality of microstructures in an 

amount of about 0.05 pg to 5 pg.

19. The microstructure apparatus of the separate or combined embodiments 12-18, 
wherein the stabilizing excipient is a sugar.

20. The microstructure apparatus of the separate or combined embodiments 12-19, 

wherein the distal layer comprises a surfactant.

21. The microstructure apparatus of the separate or combined embodiments 12-20, 
wherein the surfactant is present in the distal layer at a concentration of about 0.01 % to 

1.0%.

22. The microstructure apparatus of any one of the separate or combined 

embodiments 12-21, wherein the distal layer comprises an antioxidant.

23. A method for making a microstructure array comprising:
(a) mixing a polypeptide solution with a stabilizing excipient to form a polypeptide 

molding solution, wherein the molding solution does not comprise a structure-forming 

polymer;

(b) dispensing the polypeptide molding solution on a mold having an array of 

microstructure cavities;

(c) filling the microstructure cavities in the mold;

(f) removing excess solution or suspension polymer matrix on the mold surface;

(g) drying the solution in a chamber having partial pressure of about 30 psi to 60 

psi at a temperature of about 5°C to 50°C;
(h) drying the solution or suspension at about 5°C to 50°C to form an array of
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microstructures; and

(i) drying the microstructure under vacuum at about 5°C to 50°C.

24. The method of embodiment 23, wherein drying the basement or backing layer 

comprises drying in an oven at about 5°C to 50°C

25. The method of the separate or combined embodiments 23 and 24, wherein the 

chamber uses convection, conduction or radiation for drying.

26. The method of the separate or combined embodiments 23-25, further comprising:
(j) dispensing a basement or backing layer on the mold surface; and

(k) drying the basement or backing layer.

27. The method of the separate or combined embodiments 23-26, further comprising 
affixing the basement or backing layer to a substrate.

28. The method of the separate or combined embodiments 23-27, wherein the 
polypeptide molding solution is lyophilized then resuspended in water containing a 

surfactant prior to dispensing into the mold.

29. A method for making a microstructure array comprising:
(a) mixing a polypeptide solution with a stabilizing excipient to form a polypeptide 

molding solution, wherein the molding solution does not comprise a structure-forming 

polymer;

(b) dispensing the polypeptide molding solution on a mold having an array of 

microstructure cavities;

(c) filling the microstructure cavities in the mold;
(f) removing excess solution or suspension polymer matrix on the mold surface;

(g) drying the solution in a chamber having relative humidity of about 10% to 95% 

at a temperature of about 5°C to 50°C;
(h) drying the solution or suspension at about 5°C to 50°C to form an array of 

microstructures; and

(i) drying the microstructure under vacuum at about 5°C to 50°C.

30. The method of embodiment 29, wherein drying the basement or backing layer 

comprises drying in an oven at about 5°C to 50°C

31. The method of the separate or combined embodiments 29 and 30, wherein the
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chamber uses convection, conduction or radiation for drying.

32. The method of the separate or combined embodiments 29-31, further comprising:
(j) dispensing a basement or backing layer on the mold surface; and

(k) drying the basement or backing layer.

33. The method of the separate or combined embodiments 29-32, further comprising 

affixing the basement or backing layer to a substrate.

34. The method of the separate or combined embodiments 29-33, wherein the 
polypeptide molding solution is lyophilized then resuspended in water containing a 

surfactant prior to dispensing into the mold.

35. A method for administering a therapeutic macromolecule to a mammalian subject, 

comprising inserting into the skin of the subject a microstructure array of the separate or 

combined embodiments 1-22.

[0120] All patents, patent applications, and publications mentioned herein are hereby 

incorporated by reference in their entireties. However, where a patent, patent application, 

or publication containing express definitions is incorporated by reference, those express 

definitions should be understood to apply to the incorporated patent, patent application, or 
publication in which they are found, and not necessarily to the text of this application, in 

particular the claims of this application, in which instance, the definitions provided herein 

are meant to supersede.
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WHAT IS CLAIMED IS:

1. A microstructure apparatus comprising:

a backing having a first surface and a second surface opposed thereto; 

a microstructure array comprising a plurality of microstructures extending outwardly

from the first surface of the backing;

each of the plurality of microstructures comprising a biodegradable distal layer and 

at least one proximal layer positioned between the distal layer and the first surface of the 

backing;

wherein the distal layer comprises at least one therapeutic macromolecule and a 
stabilizing excipient, wherein the at least one therapeutic macromolecule is present in the 

distal layer at a concentration of about 30% to 90%.

2. The microstructure apparatus of claim 1, wherein the distal layer does not comprise 
a structure-forming polymer.

3. The microstructure apparatus of claim 1 or 2, wherein the macromolecule is a 

polypeptide.

4. The microstructure apparatus of claim 1 or 2, wherein the macromolecule is a 
protein.

5. The microstructure apparatus of any one of the preceding claims, wherein the 

macromolecule is a monoclonal antibody.

6. The microstructure apparatus of any one of the preceding claims, wherein the 

macromolecule is glycosylated.

7. The microstructure apparatus of any one of the preceding claims, wherein the 

macromolecule is present in each of the plurality of microstructures in an amount of about 

0.05 pg to 5 pg.

8. The microstructure apparatus of any one of the preceding claims, wherein the 
stabilizing excipient is a sugar.

9. The microstructure apparatus of any one of the preceding claims, wherein the distal 
layer further comprises a surfactant.

10. The microstructure apparatus of claim 9, wherein the surfactant is present at a
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concentration of about 0.01 % to 1.0%.

11. The microstructure apparatus of any one of the preceding claims, wherein the distal 
layer further comprises an antioxidant.

12. A microstructure apparatus comprising:

a backing having a first surface and a second surface opposed thereto; 

a microstructure array comprising a plurality of microstructures extending outwardly

from the first surface of the backing;

each of the plurality of microstructures comprising a biodegradable distal layer and 

at least one proximal layer positioned between the distal layer and the first surface of the 
backing;

wherein the distal layer comprises at least one therapeutic macromolecule and a 

stabilizing excipient, wherein the distal layer does not comprise a structure-forming 

polymer.

13. The microstructure apparatus of claim 12, wherein the at least one therapeutic 

macromolecule is present in the distal layer at a concentration of about 30% to 90%.

14. The microstructure apparatus of claim 12 or 13, wherein the macromolecule is a 

polypeptide.

15. The microstructure apparatus of claim 12 or 13, wherein the macromolecule is a 
protein.

16. The microstructure apparatus of any one of claims 12-15, wherein the

macromolecule is a monoclonal antibody.

17. The microstructure apparatus of any one of claims 12-16, wherein the

macromolecule is glycosylated.

18. The microstructure apparatus of any one of claims 12-17, wherein the

macromolecule is present in each of the plurality of microstructures in an amount of about 

0.05 pg to 5 pg.

19. The microstructure apparatus of any one of claims 12-18, wherein the stabilizing 
excipient is a sugar.

20. The microstructure apparatus of any one of claims 12-19, wherein the distal layer
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further comprises a surfactant.

21. The microstructure apparatus of claim 20, wherein the surfactant is present in the 
distal layer at a concentration of about 0.01 % to 1.0%.

22. The microstructure apparatus of any one of claims 12-21, wherein the distal layer 
further comprises an antioxidant.

23. A method for making a microstructure array comprising:
(a) mixing a polypeptide solution with a stabilizing excipient to form a polypeptide 

molding solution, wherein the molding solution does not comprise a structure-forming 

polymer;

(b) dispensing the polypeptide molding solution on a mold having an array of 

microstructure cavities;

(c) filling the microstructure cavities in the mold;
(f) removing excess solution or suspension polymer matrix on the mold surface;

(g) drying the solution in a chamber having partial pressure of about 30 psi to 60 psi 

at a temperature of about 5°C to 50°C;

(h) drying the solution or suspension at about 5°C to 50°C to form an array of 

microstructures; and

(i) drying the microstructure under vacuum at about 5°C to 50°C.

24. The method of claim 23, wherein drying the basement or backing layer comprises 

drying in an oven at about 5°C to 50°C

25. The method of claim 23 or 24, wherein the chamber uses convection, conduction or 

radiation for drying.

26. The method of any one of claims 23-25, further comprising:

(j) dispensing a basement or backing layer on the mold surface; and

(k) drying the basement or backing layer.

27. The method of claim 26, further comprising affixing the basement or backing layer 

to a substrate.

28. The method any one of claims 23-27, wherein the polypeptide molding solution is 

lyophilized then resuspended in water containing a surfactant prior to dispensing into the 

mold.
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29. A method for making a microstructure array comprising:
(a) mixing a polypeptide solution with a stabilizing excipient to form a polypeptide 

molding solution, wherein the molding solution does not comprise a structure-forming 

polymer;

(b) dispensing the polypeptide molding solution on a mold having an array of 

microstructure cavities;

(c) filling the microstructure cavities in the mold;

(f) removing excess solution or suspension polymer matrix on the mold surface;

(g) drying the solution in a chamber having relative humidity of about 10% to 95% at 

a temperature of about 5°C to 50°C;
(h) drying the solution or suspension at about 5°C to 50°C to form an array of 

microstructures; and

(i) drying the microstructure under vacuum at about 5°C to 50°C.

30. The method of claim 29, wherein drying the basement or backing layer comprises 

drying in an oven at about 5°C to 50°C

31. The method of claim 29 or 30, wherein the chamber uses convection, conduction or 

radiation for drying.

32. The method of any one of claims 29-31, further comprising:

(j) dispensing a basement or backing layer on the mold surface; and
(k) drying the basement or backing layer.

33. The method of claim 32, further comprising affixing the basement or backing layer 

to a substrate.

34. The method of any one of claims 29-33, wherein the polypeptide molding solution is 
lyophilized then resuspended in water containing a surfactant prior to dispensing into the 

mold.

35. A method for administering a therapeutic macromolecule to a mammalian subject, 

comprising inserting into the skin of the subject a microstructure array of any one of claims
1-22.
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