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JAMMED GEL BIOINK WITH SELF-ASSEMBLING PEPTIDES

PRIORITY
[0001] This application claims priority to United States provisional Application No.
63/327,830, filed April 6, 2022, the entire contents of which are hereby incorporated by

reference.

SEQUENCE LISTING
[0002] The instant application contains an XML Sequence Listing which has been
submitted electronically and is hereby incorporated by reference in its entirety. The Sequence
Listing, created on March 20, 2023, is named 3DM-21-02-3DP2-PCT-SL.xml and is 30,434

bytes in size.

FIELD OF THE INVENTION
[0003] This invention relates to bioinks suitable for 3D printing, and more particularly to

improved jammed gel bioinks containing self-assembling peptides.

BACKGROUND OF THE INVENTION
[0004] 3-D printing of tissues involves the assembly of cells into a controlled volume,
where the bioink mimics in vivo characteristics of tissues. There are competing design
constraints which such bioinks. For example, a particular shape is desired, and so the material
used to make that shape must be extrudable but also ultimately capable of holding that shape.
But adding the requirement of living cells means the material used and the way the material is
extruded must also be non-toxic to the living cells. Various efforts are known to make bioinks.

These include seeding cells on printed structures, mixing cells with a printing medium and then
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printed into desired structures, and printing cell clusters (spheroids) and stringing them together
to form functional tissues. As this technology is fairly new, different printers and printing
techniques have been developed to print the cells and the matrix. The commonly used methods
of bioprinting are extrusion, laser, inkjet, and tissue fragment printing, all with a goal of
positioning of the living cells and/or the biomaterials, and to create functional tissue analogs.
[0005] Many different materials have been used as bioinks, including, for example,
natural materials such as alginate, gelatin, collagen, silk, gellan gum, hyaluronic acid, dextran,
and cellulose; synthetic materials like polycaprolactone, pluronic acid and polyethylene glycol;
and commercial materials like Derma Matrix®, Novogel®, and CELLINK®. Jammed bioinks
should be printable, with easy and cell friendly cross-linking after printing/extrusion so as to
retain stiffness quickly after extrusion, should hold its shape so as to mimic the desired shape
with precision, should be biocompatible to not just allow cells to live but also allow for cell
growth and not cause an immune response, and should biodegradable. Further, such jammed
bioinks should preferably mimic the native tissue environment for cells to attach and/or grow
within, and such jammed bioinks should be customizable so as to be modifiable for different
applications (such as soft, medium or hard tissues). In spite of the numerous efforts in the
advancement of the bioprinting technology, the development of a satisfactory jammed bioink
which meets all the requirements to create a biomaterial serving as a suitable functional tissue
analog has been limited. It would be desirable to provide a jammed bioink which goes further

towards satisfying these competing design constraints.

SUMMARY OF THE INVENTION
[0006] In accordance with a first aspect, there is provided a jammed gel bioink

comprising a self-assembling peptide solution comprising a self-assembling peptide, and a cell
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solution comprising living cells and a cell culture medium. The self-assembling peptide solution
is extruded to form an object, and then the cell solution is injected into the object. Useful
methods of making the jammed gel bioink are also disclosed.

[0007] From the foregoing disclosure and the following more detailed description of
various embodiments it will be apparent to those skilled in the art that the present invention
provides a significant advance in the technology of jammed gel bioinks. Particularly significant
in this regard is the potential the invention affords for providing a high-quality jammed gel
bioink which is easily extrudable, of a customizable shaped object and which is non-toxic to
living cells. Additional features and advantages of various embodiments will be better

understood in view of the detailed description provided below.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
[0008] It will be apparent to those skilled in the art, that 1s, to those who have knowledge
or experience in this area of technology, that many uses and design variations are possible for the
jammed gel bioink disclosed here. The following detailed discussion of various alternate
features and embodiments will illustrate the general principles of the invention with reference to
3-D printing of jammed gel bioinks, and more particularly to medical and research applications
of such jammed bioinks, formed as jammable gels, where the cell solution is at least partially
surrounded by the self-assembling peptide solution. Other embodiments suitable for other
applications will be apparent to those skilled in the art given the benefit of this disclosure.
[0009] In accordance with a first aspect, there 1s provided a jammed gel bioink, or more
simply a jammed bioink, is typically formed when a self-assembling peptide solution is extruded
first to form a shaped object, and then a cell solution comprising living cells is injected into the

object such that the cell solution is at least partially and or even entirely surrounded by the self-
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assembling peptide solution. The self-assembling peptide solution comprises one of many self-
assembling peptides, for example, RADA16, which a peptide of 16 amino acids in length with
protective groups on both ends (AcN-RADARADARADARADA-CNH2). An example of a
suitable, commercially available, self-assembling peptide solution is PuraStat®, from 3-D Matrix
Medical Technology, Inc., which is an aqueous solution of about 2.5% RADA16. RADA16 has
alternating hydrophobic (alanine) and hydrophilic (arginine and aspartic acid) groups which
allow for organization into stable B-sheets. The resulting porous hydrogels contain high water
content (on the order of 99%) and resemble the extracellular matrix of native body tissue.
Optionally a sucrose solution may be incorporated into the self-assembling peptide solution.
Other self-assembling peptides, including shorter RADA derivatives (RADAS, RADA12, for
example), peptidomimetics (such as D-forms of the amino acids, for example), peptide
amphiphiles, other concentrations, and other self-assembling peptide solutions suitable for use in
ajammed gel bioink will be readily apparent to those skilled in the art given the benefit of this
disclosure.

[0010] In some embodiments, the SAPs comprise a sequence of amino acid residues

conforming to one or more of Formulas I-1V:

((Xaaneu-Xaa+)x(Xaaneu-Xaa—)y)n 1)
((Xaaneu-Xaa—)x(Xaaneu-Xaa+)y)n (I

((Xaa+-Xaaneu)x(Xaa—Xaaneu)y)n (1)
((Xaa—-Xaancu)x(Xaa+-Xaancu)y)n (IV)

Xaaneu represents an amino acid residue having a neutral charge; Xaa+ represents an amino acid
residue having a positive charge; Xaa— represents an amino acid residue having a negative

charge; x and y are integers having a value of 1, 2, 3, or 4, independently; and n is an integer
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having a value of 1-5. In some embodiments, the SAPs further comprise an amino acid sequence
that interacts with the extracellular matrix, wherein the amino acid sequence anchors the SAPs to
the extracellular matrix.

[0011]

In some embodiments, the specific peptides for use in the method of the present

invention can be chosen from one or more peptides listed in the Table 1 below.

Table 1
Self-assembling Peptide SEQ ID NO:
RADARADARADARADA SEQ ID NO:1
KLDKLDKLDKLD SEQ ID NO:2
IEIKIEIKIEIKI SEQ ID NO:3
QLELQLELQLEL SEQ ID NO:4
ADARADARADARADAR SEQ ID NO:5
RAEARAEARAEARAEA SEQ ID NO:6
RVDVRVDVRVDVRVDV SEQ ID NO:7
RLDLRLDLRLDLRLDL SEQ ID NO:8
RIDIRIDIRIDIRIDI SEQ ID NO:9
RFDFRFDFRFDFRFDF SEQ ID NO:10
AEARAEARAEARAEAR SEQ ID NO:11
KADAKADAKADAKADA SEQ ID NO:12
KIDIKIDIKIDIKIDI SEQ ID NO:13
KIEIKIEIKIEIKIEI SEQ ID NO:14
IDIKIDIKIDIKT SEQ ID NO:15
IEIRIEIRIEIRT SEQ ID NO:16
LELKLELKLELKL SEQ ID NO:17
FEFKFEFKFEFKF SEQ ID NO:18
KLDLKLDLKLDL SEQ ID NO:19
KLELKLELKLEL SEQ ID NO:20
FEFRFEFRFEFRF SEQ ID NO:21
YEYKYEYKYEYKY SEQ ID NO:22
WEWKWEWKWEWKW SEQ ID NO:23

[0012] In some embodiments, the amino acid residues in the SAPs can be naturally
occurring or non-naturally occurring amino acid residues. Naturally occurring amino acids can

include amino acid residues encoded by the standard genetic code as well as non-standard amino
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acids (e.g., amino acids having the D-configuration instead of the L-configuration), as well as
those amino acids that can be formed by modifications of standard amino acids (e.g., pyrolysine
or selenocysteine). Suitable non-naturally occurring amino acids include, but are not limited to,
D-alloisoleucine(2R,3S)-2-amino-3-methylpentanoic acid, L-cyclopentyl glycine (S)-2-amino-2-
cyclopentyl acetic acid.

[0013] In other embodiments, another class of materials that can self-assemble are
peptidomimetics. Peptidomimetics, as used herein, refers to molecules which mimic peptide
structure. Peptidomimetics have general features analogous to their parent structures,
polypeptides, such as amphiphilicity. Examples of such peptidomimetic materials are described
in Moore et al., Chem. Rev. 101(12), 3893-4012 (2001). The peptidomimetic materials can be
classified into four categories: a-peptides, p-peptides, y-peptides, and 3-peptides. Copolymers of
these peptides can also be used. Examples of a-peptide peptidomimetics include, but are not
limited to, N,N'-linked oligoureas, oligopyrrolinones, oxazolidin-2-ones, azatides and
azapeptides. Examples of B-peptides include, but are not limited to, p-peptide foldamers, o-
aminoxy acids, sulfur-containing p-peptide analogues, and hydrazino peptides. Examples of y-
peptides include, but are not limited to, y-peptide foldamers, oligoureas, oligocarbamates, and
phosphodiesters. Examples of 6-peptides include, but are not limited to, alkene-based 6-amino
acids and carbopeptoids, such as pyranose-based carbopeptoids and furanose-based
carbopeptoids.

[0014] In certain embodiments, the SAP is AC5®, AC5-V® or AC5-G™ made by Arch

Therapeutics, Inc. (see www.archtherapeutics.com).
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[0015] The cell solution may comprise any one of several living cells or combinations of
living cells. Examples are numerous and comprise stomal vascular fraction (SVF) cells, stem
cells, tumor cells, hepatocyte progenitor cells, rat pheochromocytoma cells (PC12), hippocampal
neurons, endothelial cells, neuronal cells, fibroblasts, keratinocytes, and transformed cells
including, for example, MG-62, SH-SY5Y, HEK293, NIH3T3). Other cells suitable for use in
the cell solution of the jammed gel bioinks disclosed herein will be readily apparent to those
skilled in the art given the benefit of this disclosure.

[0016] The cell solution would typically contain a cell culture medium to provide
nutrition to the cells and maintain a healthy environment. Suitable components of a cell culture
medium can comprise, for example, Dulbecco's Modified Eagle Medium (DMEM), which is a
widely used basal medium for supporting the growth of many different mammalian cells, fetal
bovine serum, Minimal Essential Medium (MEM) nonessential amino acids, L-glutamine
solution, antibiotics such as penicillin and streptomycin, and a trypsin-EDTA
(Ethylenediaminetetraacetic acid) solution. Other cell culture mediums components suitable for
use in the cell solution of the jammed gel bioinks disclosed herein will be readily apparent to
those skilled in the art given the benefit of this disclosure.

[0017] In accordance with one embodiment, the jammed gel bioink can be formed by
initially extruding the self-assembling peptide solution, and then adding the cell solution.
Alternatively, the self-assembling peptide solution and the cell solution may be coextruded
together. In this latter case, the self-assembling peptide solution and the cell solution are not
mixed together before or during extrusion, such that they remain essentially grouped together but
unmixed. For example, during co-extrusion, the cell solution can be positioned in the center of

the nozzle and the self-assembling peptide solution can surround the cell solution and during
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extrusion this relationship between the two solutions stays the same. Objects co-extruded this
way can have an interior of a cell solution and an exterior of the self-assembling peptide
solution. Extrusion or co-extrusion can occur continuously. Continuously is understood here to
mean that the addition of the self-assembling peptide solution (or a co-extruded combination of
both) to the extruder forces or urges a jammed gel bioink to be extruded from the extruder. This
of course assumes that a control valve on a nozzle of the extruder is open to allow the extruded
solutions to flow from the chamber and out the nozzle. Regardless of whether the cell solution is
co-extruded with the self-assembling peptide solution or injected after formation of the object,
much of the cell solution can wind up surrounding the self-assembling peptide solution.
Surrounding is understood here to mean the cell solution is mostly surrounded or entirely
surrounded by the self-assembling peptide solution (either alone or in combination with a tray or
floor).

[0018] The extruder may have a chamber which receives both the self-assembling
peptide solution and a consolidation solution (discussed below) where mixing occurs, or where
co-extrusion occurs by aligning each solution prior to exiting the nozzle. Generally, as the pH of
the self-assembling peptide solution rises, as by mixing with the consolidation solution to form
the object created by the jammed gel bioink, cross linking occurs. It is preferable to extrude
quickly such that most of the cross linking occurs after the self-assembling peptide solution has
been extruded and formed a shaped object. In normal operation the self-assembling peptide
solution is continuously introduced together and mixed, and the act of introducing more of the
self-assembling peptide solution together forces the bioink to be extruded through a nozzle into
an object having a desired shape. Suitable examples of a extruder can comprise, for example, the

T333 classical FDM (“fused deposition modeling”) 3-D printer made by the French corporation
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Tobeca, provided with a chamber to optionally receive more than one solution, and an adjacent 1
mm nozzle such that introduction of more of either the self-assembling peptide solution, the cell
solution, or both immediately forces the bioink through the nozzle. The volume of mixture can
be controlled, along with the location, and can be controlled concurrently. Other extruders and
3-D printers suitable for mixing and extruding bioinks will be readily apparent to those skilled in
the art given the benefit of this disclosure. Optionally the bioink may be immersed in an
immersion solution after extrusion to provide additional nutrients to help keep the cells in the
bioink alive.

[0019] Optionally when printing the self-assembling peptide solution alone, the
consolidation solution composed of at least a basic solution such as NaOH 1N can be used. A
ratio of 0.5-1.5/100 (consolidation solution/self-assembling peptide solution, such as
NaOH/RADA16) can be used in the extruder, more preferably 1/100 (NaOH/RADA16), and
preferably mixed together. The consolidation solution can be loaded, under sterile conditions, in
a 10 mL syringe just before being connected to the mixing extruder. Advantageously, the bioink
preferably can be free of any additional thickening agent (such as, for example, methylcellulose),
as the cross-linking of the self-assembling peptide solution creates an object with sufficient
rigidity/viscosity for many applications. Further, the self-assembling peptide solution may be
kept chilled or may be at room temperature (that 1s, at least above 5°C, above 10°C, or above
15°C) prior to mixing with the cell solution, and/or after mixing with the cell solution, but before
the step of extruding the bioink. The cell solution can be kept at the temperature the cells
normally live in, which for cells that live in a human is around 35-40°C, and more specifically
near 37°C, for example. The jammed gel bioink can be a mixture of the self-assembling peptide

solution and the basic solution which cures to form an object having a desired or pre-
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programmed shape. The object cures spontaneously after extrusion, without additional heating
or other process steps by an operator. Curing of the object is understood here to mean extensive
cross linking occurs in the self-assembling peptide solution, either with or without addition of the
consolidation solution, and either before or after the cell solution is added to the object.

[0020] For jammed gel bioinks, the cell solution may be injected or introduced into the
self-assembling peptide solution, without mixing, and optionally before or after curing of the
self-assembling peptide solution occurs. When the cell solution is largely surrounded by the
self-assembling peptide solution, the cell solution can be protected from air and environmental
contaminants. This can be desirable for some types of cells. Advantageously the cells in the cell
solution can be kept alive for at least 5 days, at least 7 days, or at least 8 days after the steps of
extruding and injecting. Preferably during both the steps of extruding and injecting a shear stress
on the bioink is kept below a viability limit for the living cells, such as, for example, 4000 PA.
The jammed gel bioink may also be at least partially immersed in an immersion solution after
extrusion to provide additional nutrients to help keep the cells in the jammed gel bioink alive.
The immersion solution can comprise, for example, a basal medium for supporting the growth of
many different types of cells, especially mammalian cells, such as Dulbecco's Modified Eagle
Medium (DMEM). Other compositions and combinations of chemicals suitable for use as the
immersion solution will be readily apparent to those skilled in the art given the benefit of this

disclosure.

[0021] EXAMPLE 1. One example of a jammed bioink is as follows. RADA16 was
used as the self-assembling peptide and deposited in a 6-well Transwell® insert from Corning
(USA) using the manufacturer’s syringe and disposable tip. The RADA16 loaded inserts were

then placed in a 6-well plate and in turn, the plate was positioned inside a BioAssembly Bot

10



WO 2023/196852 PCT/US2023/065376

bioprinter from Advanced Solution Life Science (USA). The 6-axis robotic arm-based bioprinter
was then used to print in jammed gel the cell solution within the RADA16. Prior to printing the
self-assembling peptide solution, green fluorescent protein (GFP)-expressing fibroblasts
(NIH3T3/GFP, AKR-214 from Cell Biolabs Inc. (US) were expanded and suspended in DMEM
(high glucose) from Gibco (France), supplemented with 10% (v/v) fetal bovine serum (FBS),
from Gibco (France), 0.1 mM MEM non-essential amino acids (NEAA) from Invitrogen
(France), 2 mM L-glutamine from Gibco (France) and 1% (w/v) penicillin/streptomycin (10,000
U/mL) from Gibco (France). Before printing in jammed bioink, the cells in the cell solution
were trypsinized (0.25% (v/v) trypsin-EDTA from ThermoFisher, (France)), and counted. Cells
in the cell solution were about 6 x10° cells/mL. The cell solution was loaded into a syringe,
which in turn was loaded into a 6-axis robotic bioprinter and extruded/printed into the self-
assembling peptide solution using a nozzle 450 um (length 6 mm). After printing, the wells of
the 6-well plate were filled with an immersion solution comprising 5 mL of DMEM (high
glucose) from Gibco (France) supplemented with 10% (v/v) fetal bovine serum (FBS) from
Gibco (France), 0.1 mM MEM non-essential amino acids (NEAA) from Invitrogen (France), 2
mM L-glutamine from Gibco (France) and 1% (w/v) penicillin/streptomycin (10,000 U/mL)
from Gibco (France), and placed at 37°C in a 5% CO? incubator to help keep the cells alive. Cell
fluorescence analysis from Day 2 to Day 8 demonstrated the cells were viable after 8 days and
that the applied path of the cell solution was also preserved during these 8 days. While most of
the cells are located within the printed paths, a non-negligible number of cells “leaked” from the
path and are also found in the surrounding gel. This phenomenon was found to be directly linked
to the printing in jammed bioink protocol in which the printing nozzle delivery the cell solution

travels down inside the self-assembling peptide solution formed as an object, and then prints

11
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while generating crevasses. Upon withdrawal of the printing nozzle, a leaking path of cells is
formed. Overall, the cells in the jammed bioink were growing and proliferating well within the
3D printed matrix of the self-assembling peptide solution.

[0022] From the foregoing disclosure and detailed description of certain embodiments, it
will be apparent that various modifications, additions and other alternative embodiments are
possible without departing from the true scope of the invention. The embodiments discussed
were chosen and described to provide the best illustration of the principles of the invention and
its practical application to thereby enable one of ordinary skill in the art to use the invention in
various embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the invention as
determined by the appended claims when interpreted in accordance with the breadth to which

they are fairly, legally, and equitably entitled.

12
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CLAIMS

What is claimed is:

1. A jammed gel bioink comprising, in combination:
a self-assembling peptide solution comprising a self-assembling peptide; and
a cell solution comprising living cells and a cell culture medium;
wherein the self-assembling peptide solution is extruded to form an object, and then the

cell solution is injected into the object.

2. The jammed gel bioink of claim 1, wherein the self-assembling peptide solution

comprises a self-assembling peptide chosen from Table 1.

3. The jammed gel bioink of claim 2, wherein the cell culture medium comprises DMEM.

4. The jammed gel bioink of claim 1, further comprising an immersion solution in which the

object is at least partially immersed after extrusion.

5. The jammed gel bioink of claim 1, further comprising a consolidation solution added to

the self-assembling peptide solution, wherein the consolidation solution is extruded with the self-

assembling peptide solution.

6. The jammed gel bioink of claim 5 wherein a ratio of the consolidation solution to the

self-assembling peptide solution is 0.5 — 1.5/100 by volume.

13
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7. The jammed gel bioink of claim 5, wherein the consolidation solution is a basic solution.
8. The jammed gel bioink of claim 7 wherein the basic solution is an aqueous NaOH
solution.

9. The jammed gel bioink of claim 1, wherein the bioink is free of a thickening agent.

10. The jammed gel bioink of claim 1, wherein the self-assembling peptide solution is

formed as a cured object, and surrounds the cell solution.

11. The jammed gel bioink of claim 1, wherein the sell-assembling peptide solution

comprises RADA16 (SEQ ID NO:1).

12. A method of making a jammed gel bioink comprising, in combination, the steps of:
extruding a self-assembling peptide solution comprising a self-assembling peptide, to
form an object;
injecting a cell solution comprising living cells and a cell culture medium into the object;
and

curing the object.

13. The method of claim 12, wherein during injection of the cell solution, a shear stress on

the cell solution is kept below a viability limit for the living cells.

14
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14. The method of claim 13, wherein the viability limit is 4000 PA.

15. The method of claim 12, wherein the cell solution is injected into the object before the

object cures.

L6. The method of claim 12, further comprising the step of mixing a consolidation solution

with the self-assembling peptide solution prior to extrusion.

17. The method of claim 12 wherein the self-assembling peptide solution is refrigerated prior
to extruding, and the cell solution is kept at 35-40°C prior to injecting into the self-assembling

peptide solution.

18. A method of making a jammed gel bioink comprising, in combination, the steps of:
extruding a self-assembling peptide solution comprising a self-assembling peptide,
together with a cell solution comprising living cells and a cell culture medium to form an object;
wherein the self-assembling peptide solution and the cell solution are not mixed together
before or during extrusion; and

curing the object.

15
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Electronic database consulted during the international search (name of database and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y «—-| (MENDES, BB et al.) Injectable hyaluronic acid and platelet lysate-derived granular hydrogels 1-18
for biomedical applications. Acta Biomaterialia. 1 January 2021, Epub 29 October 2020, Vol.
119; pages 1-32; abstract; page 7, 3rd and 4th paragraphs; page 8, 1st and 3rd paragraphs;
page 10, 3rd paragraph; page 11, 1st paragraph; page 21, 1st paragraph; figs. 5a-ii, v; DOI:
10.1016/].actbio.2020.10.040

Y ~——| (SUN, Y et al.) Self-assembly behaviors of molecular designer functional RADA16-I peptides: 1-18
influence of motifs, pH, and assembly time. Biomedical Materials. 9 December 2016, Vol. 12,
No. 015007; pages 1-11; page 1, 1st column, 2nd paragraph and 2nd column, 1st paragraph;
page 2, 1st column, 1st and 2nd paragraphs and 2nd column, 2nd paragraph; page 4, 1st
column, 1st paragraph; fig. 1; DOI: 10.1088/1748-605X/12/1/015007.

Y US 2020/0148720 A1 (KING ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY) 14 | 3, 17

May 2020; paragraphs [0006], [0135], [0142], [0144] -

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents; “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underly'mg the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the f{)ubllcanon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” documentreferringtoan oral disclosure, use, exhibition or othermeans being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than  “&” document member of the same patent family

the priority date claimed .
Date of the actual completion of the international search Date of mailing of the international search report
21 August 2023 (21.08.2023) S E P 1 9 2023
Name and mailing address of the ISA/ . Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents . Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450 »
Facsimile No. 571-273-8300 ' * | Telephone No. PCT Helpdesk: 571-272-4300
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.¢ of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.

b. E] furnished subsequent to the international filing date for the purposes of international search (Rule 13ser: 1(a)),

accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the
international application as filed. ‘

2. D With regard to alfjr nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing,.

3. .Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2022)
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Box No.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I:l Claims Nos.:

because they.relate to subject matter not required to be searched by this Authority, namely:

2. l:l Claims Nos.:

because they relate to parts of the mtematlonal application that do not comply w1th the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the apphcant this intérnational search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first'mentioned in the claims; it is covered by claims Nos.:
Groups I+, Claims 1-18, and SEQ ID NO: 1 (self-assembling peptide sequence).

Remark on Protest |:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the appllcable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)'
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ik

-Continued From Box No. [Il: Observations where unity of invention is lacking-***-'

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups |+, Claims 1-18, and SEQ ID NO: 1 (self-assembling peptide sequence) are directed towards jammed gel bioinks and methods
associated therewith.

The jammed gel bioinks and methods of Claims 1, 2 (in-part), 3-18 are believed to encompass the first named invention of Groups |+ and
are the claims that will be searched without fee to the extent that they encompass SEQ ID NO: 1 (first exemplary self-assembling peptide
sequence). This first named invention of Group I+ has been selected to encompass the first species of each of the genera found in claim
2 based on the guidance set forth in section 10.54 of the PCT International Search and Preliminary Examination Guidelines.

Applicant is invited to elect additional self-assembling peptide sequence(s) to be searched. Additional self-assembling peptide
sequence(s) will be searched upon the payment of additional fees. Applicants must specify the searchable claims that encompass any
additionally elected self-assembling peptide sequence(s). Applicants must further indicate, if applicable, the claims which encompass the
first named invention, if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention
fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. An exemplary election
would be SEQ ID NO: 2 (self-assembling peptide sequence).

Groups I+ share the technical features including: a jammed gel bioink comprising, in combination: a self-assembling peptide solution
comprising a self-assembling peptide; and a cell solution comprising living cells and a cell culture medium; wherein the self-assembling
peptide solution is extruded to form an object, and then the cell solution is injected into the object; a method of making a jammed gel
bioink comprising, in combination, the steps of: extruding a self-assembling peptide solution comprising a self-assembling peptide, to -
form an object; injecting a cell solution comprising living cells and a cell culture medium into the object; and curing the object; a method of
making a jammed gel bioink comprising, in combination, the steps of: extruding a self-assembling peptide solution comprising a
self-assembling peptide, together with a cell solution comprising living cells and a cell culture medium to form an object; wherein the
self-assembling peptide solution and the cell solution are not mixed together before or during extrusion; and curing the object. These
shared technical features are previously disclosed by the publication entitled “3D Bioprinting of Macroporous Materials Based on
Entangled Hydrogel Microstrands” by Kessel, et al. (hereinafter “Kessel") in view of US 2020/0148720 A1 to KING ABDULLAH
UNIVERSITY OF SCIENCE AND TECHNOLOGY (hereinafter “Abdullah™).

Kessel discloses a jammed gel bioink comprising, in combination: a hydrogel solution; and a cell solution comprising living cells and a cell
culture medium; wherein the hydrogel solution is extruded to form an object, and then the cell solution is injected into the object (a
Jammed gel bicink comprising a hydrogel solution and a cell solution comprising living cells and a cell culture medium; wherein the
hydrogel solution is extruded into microstrands (to form an object) and then the cell solution is mixed in the already formed and entangled
microstrands (injected into the object); page 2, 1st column, 2nd paragraph; fig. 1); a method of making a jammed gel bioink comprising, in
combination, the steps of: extruding a hydrogel solution to form an object; injecting a cell solution comprising living cells and a cell culture
medium into the object; and curing the object (making a jammed gel bioink comprising a hydrogel solution and a cell solution comprising
living cells and a cell culture medium; wherein the hydrogel solution is extruded into microstrands (to form an object) and then the celi
solution is mixed in the already formed and entangled microstrands (injecting into the object), wherein the microstrands are cured with
UV light (curing the object); page 2, 1st column, 2nd paragraph; page 3, 2nd column, 1st paragraph; fig. 1); a method of making a
jammed gel bioink comprising, in combination, the steps of: extruding a hydrogel solution, together with a cell solution comprising living
cells and a cell culture medium to form an object; wherein the hydrogel solution and the cell solution are not mixed together before or
during extrusion; and curing the object (making a jammed gel bioink comprising a hydrogel solution and a cell solution comprising living
cells and a cefl culture medium; wherein the hydrogel solution is extruded into microstrands (to form an object) and then the cell solution
is mixed in the already formed and entangled microstrands (hydrogel solution and the cell solution are not mixed together before or
during extrusion), wherein the microstrands are cured with UV light; page 2, 1st column, 2nd paragraph; page 3, 2nd column, 1st
paragraph; fig. 1). Kessel does not disclose a self-assembling peptide solution comprising a self-assembling peptide; wherein the
‘'self-assembling peptide solution is extruded to form an object; extruding a self-assembling peptide solution comprising a self-assembling
peptide, to form an object. '

Abdullah discloses a self-assembling peptide solution comprising a self-assembling peptide; wherein the self-assembling peptide solution
is extruded to form an object (a peptide capable of forming a gel by self-assembly in solution, extruded to form a ring structure; :
paragraphs [0006], [0144]).

It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the jammed gel bioink, as
previously disclosed by Kessel, for the integration of a self-assembling peptide solution comprising a self-assembling peptide; wherein
the self-assembling peptide solution is extruded to form an object, as taught by Abdullah, as this combination would provide the capability
of making a jammed gel bioink using self-assembling peptides that are easy to synthesize and can be formed into 3D structures, wherein
cells are injected into the structures after they are formed, so as to enable free movement and growth of cells, as would be desirable in
de novo cartilage tissue engineering. - :

Since none of the special technical features of the Groups I+ inventions are found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Kessel and Abdullah references, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2022)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

