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Claims

What is claimed is:

L. Aninjection systern comprising:

a syringe barrel defining a lumen between a proximal end and a distal end;

a first seabing element moveably disposed within the humen;

a second seahing element moveably disposed within the lumen provimal to the Orst
sealing element, wherein the first sealing element and the second sealing element form a seal
with the lummen and define an injection chamber between them;

a puncture element extending from a distal end of the first sealing elament, the
punciure element being in fluid conynunication with the injection chamber 1o deliver an
tjection agent from the injection chamber into a space i a tissue of a patient,

wherein one or more of the syringe barrel, the first sealing element, and the second
sealing element are configured to prevent proximal movement of the first sealing element
past a pre-selected location, while allowing the second sealing element to come in contact
with the first sealing element, and

wherein the system is configured such that, when a foree is applied on the seeond
sealing clement n a distal divection,

in rEsponsa o a first opposing force. the first sealing element moves in the distal
direction fo advance the punciare element in the distal direction, without conveying the
mection agent through the punchire dement, and

in response 1o a second opposing force, the first sealing element rematns stationary

and the mjection agent 13 conveved from the injection chamber through the munchre element,

2 The systero of claim 1, wherenn:

the first opposing force is due to backpressure exerted on the puncture elemant as the
punciure element advances through the tissue; and

the second opposing foree 15 due 1o backpressure exeried on the punelure element as

the punciure element opens into the space 1 the tasue,

30 The svsters of clanm 1, wherein:
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the force apphied on the second sealing element 15 sufficient to advance the first sealing
eleroent but is eufficient to convey the mjection agent through the puncture clement in

response 1o the first opposing force; and

the force apphed on the second sealing element is waufBcient 1o advance the {irst cealing
element but 3 sufficient to convey the mjection agent through the puncture element in

response i the second opposing force.

The svstem of clavn 1, wherein a unidirectional stop 18 disposed in the syringe harrel
hetwesn the first sealing element and the second sealing element, the unidirectional stop
being configured to prevent a prosimal movement of the first sealing element past the
unidivectional stop, while allowing the second sealing element to pass through the

mechanical stop 1o conlact the first sealing element.

The syatem of ¢laum 4, wherein the enidirectional stop cormprises a section of the syringe
barrel having a reduced diaroeter, wherein the first sealing element has a diameter
sufficiently larger than the reduced diameter such that the first sealing element cannot
pass through the section while the second sealing element is configured 1o pass through

the section 1o contact the first sealing element.

The svstem of cianm 4. wherein the unudirectional stop comprises a portion of an irmer
surface of the syringe barrel havisg a friction coefficient sufficient 1o prevent a proximal

mwoverment of the frst sealing element.

The system of claim 4, wherein the unidirectional stop comprises a mechamcal stop.
The systern of clam 4, wherern the unidirectional stop comprises a foldable stop is
disposed between the first sealing slement and the sacond sealing elemant. the foidable
stop being configured to prevent a proximal movement of the first sealing element past
ihe foldable stop and bemg configured to fold upon application of g foree n a distal
direction on the foldable stop to allow the secand sealing element to pass through the

foldable stop fo contact the first sealing element.
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The syatem of claim 1, wherein the first sealing olement 13 shaped such that a frictional or
shding force on the first sealing eleroent 1o the provimal diection s higher thana
frictionat or sliding force on the first sealing element in the distal direction and is lugher

than a force of insertion of the punciure element mto the tissue.

The svstem of any one of claims 1-9, wherein, i a velaxed state. the Orst sealing element

hag a size that is between 1.01 {0 2 tmes larger than a size of the lumen of the svringe

barrel.

The system of any one of claims 1-2, wherein, in a relaxad state, the first sealing element
has a size that is between 1.01 to 1.10 times larger than a size of the lumen of the syringe

barrel,

. The systera of any one of claims -9, wherein an inner surface of the svringe barref i5

modified to increase friction between the inner surface of the syringe barret and the first

sealing elerent.

. The system of anv one of clasms 1-2 Rther comprising a lock disposed distally of the

first sealing element and configured {0 selectively lock the first sealing element in place.

The svstem of clamm 13, wherein the lock comprises a sealed compariment defined in the
lumen of the syrings barrel distal 1o the first sealing element, an incompreasible substance
mside the compartment, and & valve to release the ncoropressible substance from the
compartment, such that when the valve is closed, a distal movement of the first sealing
element is prevented and, when the valve is open. the distal movement of the first sealing

element is allowed.

_The svstara of any one of claims 1-9 further comprising a touch trigger roechanism

between the first sealing element and the second sealing element, the touch trigger
roechaniam s configured 1o deploy when the first sealing elevoent comes in condact with

the second sealing element to prevent a distal movement of the first sealing element.

s The systern of any one of claime 1-9 further compnising a Al port disposed on a surface

of the syringe barrel and being 1o fluid conmnunication with the injection chamber,
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7. The system of claim 16, wherein the fill port comprises:

areceptacle disposed on an outside surface of the syringe barrel and configured to

receive a vial;

a flowpath connecting the receptacle and the injection chamber;

a self-sealing member configured to seal the flowpath; and

a puncture element disposed in the receptacle, the puncture element being configured
to pierce through the self-sealing member to fluidly connect a vial comprising the

injection agent and received in the receptacle with the injection chamber.

i8. The system of claim 17, wherein the puncture element is moveable relative to the

receptacle such that,

when the vial is received in the receptacle, the puncture element is moved toward the
injection chamber to pierce the self-sealing member and to fluidly connect the vial with
the injection chamber,

when the medicament container removed from the receptacle, the puncture element is
moved away from the injection chamber, thereby allowing the self-sealing member to
seal the flowpath.

19 The svsterm of any one of ¢lains 1-%, wherein a support element is disposed about a distal
portion of the puncture element, the support element being moveable in relation to the

puncture element and the syringe barrel.

20 The systera of any one of claims 1-9, wherein the injection chamber comprises a first
chamber and a second chamber, wherein a chamber sealing portion of the second sealing
element fluidly isolates the first chamber from the second chamber, such that a movement

of the chamber sealing portion fluidly connects the first and second chambers.

21 The system of any one of claimms 1-9, wherein the injection chamber comprises a first

chamber and a second chamber, wherein the first chamber and the second chamber are
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fluidly isolated from one another when the second sealing element is in an initial position
and wherein a movement of the second sealing element fluidly connects the first and

second chambers.
. The system of any one of claims 1-9, wherein the second sealing element is configured to
engage the first sealing element and to withdraw the first sealing element and the

puncture element into the syringe barrel.

. A method for treatment of an eye disease, the method comprises:

pre-inserting into a sclera of a patient a puncture element of an injection system, the

injection system comprising:

a syringe barrel defining a hinen between a proxival end and a distal end;

a first sealing elemend moveably disposed withim the fumen;

a second sealing element moveably disposed withun the fumen provimal to the
first seahing element, wherein the first sealing element and the second sealing element
form a seal with the lumen and define an injection chamber between theny

the puncture element extendng from a distal end of the first sealing slemeny,
ihe puncture element being in Hoid comummication with the injection chamber 0
deliver an tupection agent from the mjection charmber o a space w a tissug of g
patient; and

wherein one or more of the syringe barrel, the first sealing element, and the
second sealing element are configured to prevent proximal movement of the first
sealing element past a pre-selected location, while allowing the second sealing
element to come in contact with the first sealing element;

advancing the puncture element through the sclera by applying a force onto the

second sealing element, the force being sufficient to move the first sealing element in the

distal direction to advance the puncture element in the distal direction, without conveying the

injection agent through the puncture element; and

maintaining the force onto the second sliding element as the puncture element passes

through the sclera and opens into a suprachoroidal space (SCS) such that the injection agent

is conveyed from the injection chamber through the puncture element into the SCS, without

further distal movement of the first sealing element.

24, The method of claim 23, wherein:
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the first opposing force is due to backpressure exerted on the puncture element as the

puncture elerpent advances through the tissue; and

the second opposing force is due 1o hackpressure exerted on the puncture element as

the puncture element opens info the space i the hissus,

25 The method of claim 23, whereny

T

~ad

the force appliad on the second sealing element is sufficient to advance the first
sealing element buot is insulficient to convey the injection agent through the punchas
slement 1o response to the first opposing foree; and

the force applisd ov the second sealing slement 1s msufficient 1o advance the first
sealing element but 15 sufficient to convey the injection agent through the punclure

element m response fo the second opposiug force.

26 The method of claim 23, wherein the mjection systern comprises g wudirectional stop 15

digposed in the syringe barrel betwesn the first sealing element and the second sealing
eleroent, the wudirectional stop being conligured fo prevend a proximst movement of the
first gealing elemerd past the unidirectional stop, while allowing the second sealing

elament 10 pass through the mechanical stop 1o contact the fivst sealing element.

The method of clatm 26, wherein the umdirectional siep coroprises & section of the

syringe harrel having a reduced diameter, whergin the first sealing element has 3 diameter
suffictently larcer than the redoced diameter such that the first sealing element cannot
pass through the section while the second sealing element 3 configured to pass through

the section to contact the first sealing element.

- The method of claim 26, wherein the snidirectional siop cornprises a portion of an inner

surface of the syringe barrel having a friction coefficient sufficient 1o prevent a proximal

movement of the first sealing elemant.

3. The method of ¢laim 26, wherein the uniditectional stop compnses a mechanical stop,

- The method of claim 26, wherein the unidirectional stop comprises 2 foldable stop is

disposed between the fivst sealing element and the second sealing slement, the foldable

stop betng configured to prevent a proximal movement of the {irst sealing element past
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the foldable stop and being configured to fold opon application of a force in a distal
direction on the foldable stop to allow the second sealing element to pass through the

foldable stop to contact the first sealing element.

~

The method of claim 23, whersin the first sealing element is shaped such that a frictional

or shding force on the fivst sealing element in the provumal direction i higher than g
frictionat or sliting force on the first sealing element in the distal direction and 1s higher

that a foree of insertion of the punciure elemeant nto the tissue,

. The method of any one of claims 23-31, wherein, in a relaxed siate, the first sealing

element has a size that s between 1.01 {0 2 times larger than a size of the humen of the

syringe barrel.

3. The method of any one of claims 23-31, wherein, in 3 relaxed state, the first sealing

element has a size that s betwesn 1.01 to 1.10 times larper than a size of the lumen of the

syringe barrel

. The method of any one of clatms 23-31, wherein an inner swrface of the syringe barrel is

moditied o fnorease frichon batwesn the nner surface of the syringe barrel and the first

sealing element,

The method of any one of claims 23-31, wherein the injecion system Rurther comprises a
fock disposed distally of the first sealing element and configured {o selectively Tock the

first sealing element in place.

- The method of claim 38, wherein the lock comprises a sealed compartment defined in the

fumen of the svnnge barrel distal to the first sealing element, au jocomypressible substance
inside the compartment, and & valve to release the incompressible substance from tha
compartmeni, such that when the valve is closed, a distal movement of the first szaling
elernent is prevenied and, when the valve 15 open, the distal movement of the {irst sealing

slement is allowed.

The method of any one of claims 23-31, wheremn the injection svstem further congmses &

touch trigger mechanism between the fivst sealing elerment and the second sealing
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element, the touch trigger mechanism 1s configured to deploy when the first sealing
eleroent comes n contact with the second seating clement to provent a distal roovenent of

the first sealing element,

The method of any one of clatms 23-31, wherein the injection system {urther conmprises a

Gl port disposed on a surface of the svnnge barrel and being in fhud conwownicanon with

the injection chamber,

The method of claim 38, wherein the fill port comprises:

a receptacle disposed on an outside surface of the syringe barrel and configured to
receive a vial;

a flowpath connecting the receptacle and the injection chamber;

a self-sealing member configured to seal the flowpath; and

a puncture element disposed in the receptacle, the puncture element being configured
to pierce through the self-sealing member to fluidly connect a vial received in the

receptacle with the injection chamber.

. The method of claim 39, wherein the puncture element is moveable relative to the

receptacle such that,

when the vial is received in the receptacle, the puncture element is moved toward the
injection chamber to pierce the self-sealing member and to fluidly connect the vial with
the injection chamber,

when the medicament container removed from the receptacle, the puncture element is
moved away from the injection chamber, thereby allowing the self-sealing member to

seal the flowpath.

The method of any one of claims 23-31, wherein a support element is disposed about a
distal portion of the puncture element, the support element being moveable in relation to

the puncture element and the syringe barrel.

. The method of sy one of claives 23-31, wherein the injection chamber comprises a first

chamber and a second chamber, wherein a chamber sealing portion of the second sealing
element fluidly isolates the first chamber from the second chamber, such that a movement

of the chamber sealing portion {luidly connects the first and second chambers.
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43, The method of sny one of claims 23-31, wherein the injection chamber comprises a first
chamber and a second chamber, wherein the first chamber and the second chamber are
fludly isolated from one another when the second sealing element is in an initial position
and wherein a movement of the second sealing element fluidly connects the first and

second chambers.

44, The method of any one of claims 23-31, wherein the eye disease is age-related macular
degeneration (AMD), diabetic macular edema (DME), glaucoma, retinal vein occlusion
(RVO0), uveitis, endophthalmitis, Stargardt disease, Leber Congenital Amaurosis (LCA),

Retinitis Pigmentosa, or Choroideremia.

45 The method of claim 44, wherein the injection fluid comprises one or more injection
agent formulations comprising a viral delivery vector comprising a gene of interest and a

promoter selected to promote the gene of interest.

46, The method of claim 45, wherein the gene of interest is an anti-VEGFR2 gene.

47. The method of claim 46, wherein the delivery vector is an AAV vector.

48. The method of claim 47, wherein the promoter is a CAG promoter for the anti-VEGFR2

gene.

49, The method of claim 44, wherein the injection fluid comprises one or more injection
agent formulations comprising an anti-VEGFR2 compound selected from a group
consisting of bevacizumab, ranibizumab, aflibercept, Ramucirumab, disintegrins, anti-
prostaglandins, tryptophanyl-tRNAsynthetase-derived polypeptides, Inosine
monophosphate dehydrogenase (IMPDH) inhibitors and anti-PDGF to treat AMD; and
corticosteroids to treat uveitis, chorioretinitis, or other inflammatory eye diseases;

botulinum toxin for various ocular applications; tyrosine Kinase inhibitors.

A
=

1. A kit for injection of an injection agent into a tissue comprising;

an injection system comprising;
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a syringe barrel defining a lumen between a proximal end and a distal end;

a first sealing element moveably disposed within the lumen;

a second sealing element moveably disposed within the lumen proximal to the first
sealing element, wherein the first sealing element and the second sealing element form a seal

with the lumen and define an injection chamber between them,

a puncture element extending from a distal end of the first sealing element, the
puncture element being in fluid communication with the injection chamber to deliver an

injection agent from the injection chamber into a space in a tissue of a patient; and

wherein one or more of the syringe barrel, the first sealing element, and the second
sealing element are configured to prevent proximal movement of the first sealing element
past a pre-selected location, while allowing the second sealing element to come in contact

with the first sealing element, and

wherein the system is configured such that, when a force is applied on the second

sealing element in a distal direction,

in response to a first opposing force, the first sealing element moves in the distal
direction to advance the puncture element in the distal direction, without conveying the

injection agent through the puncture element, and

in response to a second opposing force, the first sealing element remains stationary
and the injection agent is conveyed from the injection chamber through the puncture element;

and

a volume of the injection fluid comprising one or more injection agent formulations.

31, The kit of claim 50, whersin

the first opposing force 13 due to backpressure exerted on the punciure element as the

punchire slement advances through the issus; and
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the second opposing foroe ts due 1o backpressure exerted on the punciure element as

the puncture element opens ote the space i the tissue,

52, The kit of claim 58, wherain

ihe force applied on the second sealing element is sufficient 1o advance the first
sealing element but 5 insufficient to convev the injection agent through the puncturs
element in response 1o the first opposing force; and

the foree appliad oo the second sealing slement s jusufficiant 1o advance the first
seabing elersent but 18 sufficient 1o convey the irgection agent throngh the puncture

element in response to the second opposing force.

33 The kit of clarm 30, wherewn the iyection system further comprises a urudirectional stop
i5 disposed in the syringe barrel between the first sealing element and the second sealing
element, the unidirectional stop being configored to prevent a proximal moverent of the
first sealing eleroent past the unidirectional siop, while sllowing the second sealing

element 1o pass through the mechanieal stop to contact the first sealing element.

34 The kit of claim 33, wheren the unidirectional stop comprices a section of the syringe
barrel having a reduced diameter, wherein the first sealing elewent has s Glameter
sufficiently larger than the reduced diameter such that the first sealing element cannot
pass through the section while the second sealing element 15 confipured to pass through

the sechon to contact the first sealing element.

7
(s

5. The kit of claim 33, wherein the unidirectional stop comprises a portion of an nner
surface of the syrioge barrel having a friction coefficient sufficient to prevent a proximal

movement of the first sealing element

R
g

. The kit of claim 33, wherein the unidirectional siop comprises a mechanical siop.

s
~3

. The kit of claim 33, wherein the wnidirectional stop comprises a foldable stop is disposed
between the first sealing element and the second sealing element, the foldable stop being
configured o prevent a proximal movement of the first sealing element past the foldable

stop and being configured 1o fold upon application of a force 1w a distal divechion on the
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foldable stop to allow the second sealing element to pass through the foldable stop 1o

contact the first sealing element,

- The kit of claim 50, wherein the first sealing element i3 shaped such thai 3 fiictional or

stiding force on the first sealing element in the proximal divection is igher than a
frictional or shding force on the frst sealing element 1n the distal direction and is higher

that a force of insertion of the punciure elemeant it the tissue,

CThe kit of any one of claims 50-38, wherein, 1 a relaxed state, the frst sealing element

has a size that is between 1.01 1o 2 fimes larger than a size of the lumen of the syringe

barrel,

The kit of any one of claios 50-58 wherein, n a relaxed state, the fivst sealing elersent
has a size that is between 1.01 10 1.10 times larger than a size of the humen of the syringe

barrel.

The kit of any one of claims 50-38, wherem an inner surface of the syringe barrel is
modified o ncrease friction batween the inner surface of the svringe barvel and the first

sealing element,

2. The kit of any ane of clairos 50-3%, wherein the injection system further cormprises a lock

disposed distally of the first sealing element and configured to selectively lock the first

sealing elersent in place.

5. The kit of claim 62, wherein the lock comprises 2 sealed compariment defined i the

fumen of the synnge barrel disial to the first sealing element, an jucompressible substance
miside the compartment, and a valve 1 release the incompressible substance from the
conmpartment, such that when the valve is closed, a distal movament of the first sealing
element is prevenied and, when the valve 1S open, the distal movement of the first sealing

slernent is alfowed.

- The kit of any one of clatms 50-58, wherein the injection system Nuther comprises a

tonch trigger mechanism between the fivst sealing element and the sccond seahing

element, the toach ingger mechanism s configured o deploy when the frst sealing
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element comes in contact with the second sealing element to prevent a distal movement of

the first sealing element.

3. The kit of any one of claims 50-58, wherein the injection system Ruther comprises a fill
port disposed on a surface of the syringe barrel and being in fluid cormuonication with the

imjection chamber,

6. The kit of claim 65, wherein the fill port comprises:

a receptacle disposed on an outside surface of the syringe barrel and configured to

receive a vial;

a flowpath connecting the receptacle and the injection chamber;

a self-sealing member configured to seal the flowpath; and

a puncture element disposed in the receptacle, the puncture element being configured
to pierce through the self-sealing member to fluidly connect a vial received in the

receptacle with the injection chamber.

7. The kit of claim 66, wherein the puncture element is moveable relative to the receptacle
such that,
when the vial is received in the receptacle, the puncture element is moved toward the
injection chamber to pierce the self-sealing member and to fluidly connect the vial with
the injection chamber,
when the medicament container removed from the receptacle, the puncture element is
moved away from the injection chamber, thereby allowing the self-sealing member to

seal the flowpath.

68, The kit of any one of ¢latms 50-38, wherein a support element is disposed about a distal
portion of the puncture element, the support element being moveable in relation to the
puncture element and the syringe barrel.

6. The kit of any one of claims 56-58, wherein the injection chamber comprises a first

chamber and a second chamber, wherein a chamber sealing portion of the second sealing
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element fluidly isolates the first chamber from the second chamber, such that a movement

of the chamber sealing portion fluidly connects the first and second chambers.

{+ The kit of any one of claims 50-58, wherein the injection chamber comprises a first

chamber and a second chamber, wherein the first chamber and the second chamber are
fluidly isolated from one another when the second sealing element is in an initial position
and wherein a movement of the second sealing element fluidly connects the first and

second chambers.

The kit of any one of claims 30-58. wherein the yection agent 15 selected o treat an eye

disease.

2. The kit of claim 71, wherein the eye disease is age-related macular degeneration (AMD),

diabetic macular edema (DME), glaucoma, retinal vein occlusion (RVO), uveitis,
endophthalmitis, Stargardt disease, Leber Congenital Amaurosis (LCA), Retinitis

Pigmentosa, or Choroideremia.

. The kit of claim 72, wherein the injection fluid comprises one or more injection agent

formulations comprising a viral delivery vector comprising a gene of interest and a

promoter selected to promote the gene of interest.

The kit of claim 73, wherein the gene of interest is an anti-VEGFR2 gene.

. The kit of claim 74, wherein the delivery vector is an AAV vector.

6. The kit of claim 75, wherein the promoter is a CAG promoter for the anti-VEGFR2 gene.

. The kit of claim 72, wherein the injection fluid comprises one or more injection agent

formulations comprising an anti-VEGFR2 compound selected from a group consisting of
bevacizumab, ranibizumab, aflibercept, Ramucirumab, disintegrins, anti-prostaglandins,
tryptophanyl-tRN Asynthetase-derived polypeptides, Inosine monophosphate
dehydrogenase (IMPDH) inhibitors and anti-PDGF to treat AMD; and corticosteroids to
treat uveitis, chorioretinitis, or other inflammatory eye diseases; botulinum toxin for

various ocular applications; tyrosine kinase inhibitors.



