Integrated Fiber Microneedles in the Oral
Mucosa Prime Antigen-Specific Immunity
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Heterologous immunization can elicit both
systemic and mucosal immunity

Respiratory Epithelium

70% of infections begin via
mucosal routes.
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The oral mucosa is a promising site to induce

mucosal iImmunity

* Langerhans cell * Lympho-epithelial symbiosis DC - # Interstitial DC
* Plasmacytoid DC * Interdigitating DC ©_ Myeloid DC

Creighton, R. et al.
(2019). Adv. Healthc.
Mater.

The oral cavity is easily accessible, harbors
diverse APC populations, and can induce
effector responses in distal mucosae...
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... but approaches must overcome
physical and immunological barriers
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iIFMDs deliver a wide range of reagents with
tunable release kinetics
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iIFMDs deliver a wide range of reagents with ‘
tunable release kinetics Rachel Creighton, PhD
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IFMDs in a Homologous Immunization Scheme
Cohort 1: With iFMD Priming
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Adjuvant: IL-12 plasmid
Animal Model: Rhesus Macaques
Dose: 24 pyg NP + 2.4 pg IL-12
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iIFMDs in a Heterologous Immunization Scheme
Cohort 1: With iFMD Priming
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iIFMDs in a Heterologous Immunization Scheme
Cohort 1: With iFMD Priming
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iIFMDs prime antigen-specific immune responses
in plasma
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Microneedle and gene gun administration in tandem yield significantly higher anti-NP plasma
IgG and IgA than gene gun administration alone.
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IFMD administration activates innate immunity in
the oral cavity
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Upregulation of 20 salivary pro-inflammatory markers (ranging from 1.5-fold to 46.0 fold)
indicated innate immune activation in the local mucosa.
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IFMD administration activates markers of...
lymphocyte activation & antiviral functions
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Ivashkiv, L. B. and Donlin, L. T., (2014) Nat. Rev. Immun.
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IFMD administration activates markers of...
mucosal iImmunity
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IFMD administration activates markers of...
mucosal iImmunity
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IFMD administration activates markers of...
mucosal iImmunity
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IFMD administration activates growth factors
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Salivary Cytokines & Salivary Growth
Chemokines Factors
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iIFMDs induce antigen-specific iImmune responses

in the local mucosa
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> Significant increases in salivary
IgA were measured after the iFMD
prime and gene gun boost.

> Salivary IgA responses after gene
gun administration strongly
correlated with earlier responses
after iFMD prime and boost,
suggesting the systemic
heterologous systemic boost
recalls a pre-existing mucosal
immune response.
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Homologous iFMD prime boost does not

elicit systemic immunity...
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But heterologous iFMD + GG yields robust
plasma titers |
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> Anti-NP plasma IgG concentrations increased significantly after the heterologous gene gun
boost, with 4/6 animals seroconverting.

> Anti-NP plasma IgA mirrored these trends, with two animals sero-converting.
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iIFMDs prime antigen-specific immune responses
in plasma
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> Microneedle and gene gun administration in tandem yield significantly higher anti-NP plasma
IgG and IgA than gene gun administration alone.
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Conclusions

> Integrated fiber microneedles (iFMD) can deliver multiple classes of biologics (proteins,
nucleic acids) with tunable release kinetics.

> iFMD administered to the buccal mucosa provoke a wound healing response which
augments immunogenicity.

> Heterologous iFMD and GG immunization induced both systemic and mucosal antigen-
specific immune responses.
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iIFMDs are immunogenic in the buccal mucosa
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Ovalbumin iFMD are modestly
immunogenic in the buccal
mucosa, leading to a 19-fold
increase in OVA-specific serum
lgG and antigen-specific IFNy
secretion from submandibular
splenocytes and lymphocytes.
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Nucleic Acid iIFMDs can be fabricated with high
quality
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iIFMDs enable pDNA storage for up to 8 days at RT
with low but non-negligible transfection

Aqueous pDNA Aqueous pDNA pDNA iFMD pDNA iFMD
(Fresh)

(Fresh) (Day 2) (Day 2)
‘ - » iFMDs fabricated with pGFP transfect cells in vitro
with low but non-negligible efficiency (0.033% as

compared to 0.000% in the negative control).

» Aqueous pDNA complexes stored for 48 hours at
4°C lost all transfection efficiency, while pDNA
iIFMDs stored up to 8 days at room temperature
yielded GFP positive cells (0.033% on day 1 vs
0.032% by day 8).

Ag. pDNA, 4°C pDNA iFMD, RT
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The barrier to higher GFP expression is not cellular

entry

>50% of cells were Cy3+ after transfection
with Cy3-tagged pDNA in aqueous or iFMD
format.

Of these, 5.57% (aqueous pDNA) or 0.01%
(iFMD pDNA) were Cy3+ GFP+.

This suggests that iFMDs deliver pDNA
into the cell with high efficiency, and that
the barrier to GFP expression is a
subsequent step (nuclear entry, translation,
transcription).
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<«Colocalized

Cy3 & GFP

Sample

% Cy3+

%Cy3+, GFP+

Aqueous pDNA

44.7 +2.39 %

5.56 + 0.57 %

pDNA iFMD

53.7 +1.98 %

0.0074 + 0.005 %




iIFMDs lead to quantifiable GFP expression
In vivo
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Alternative Grounding Strategies & Smaller Carbon Black
Particle Diameters Improve Electrospinning Quality

Shortcoming #1: The
removable ground results
in variable placement and  —)

Approach: Use higher
surface area implanted

physical degradation of the electrical grounds.
m elastomer network

Shortcoming #2: Non- Approach: Use carbon

homogenous carbon black black particles with

distribution and insufficient ==—) reduced diameter (50 nm

inter-particle contacts lead = 29 nm) to lower
to inconsistent electrical percolation threshold
potential.
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50 nm 4-pronged 50 nm mesh 29 nm mesh
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Uniformity: Variation within an array
decreased from 39% to 23%
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decreased from 39% to 23%

CRS ==

ANNUAL MEeTiNeé PHILADELPHIA, PA

& EXPOSITION

JULY 13-18, 2025

50+

Reproducibility (%CV)

40+

30+

204

10+

ns

ns

29 nm
mesh

50 nm
mesh

50 nm
4-pronged

Reproducibility: Variation between
arrays decreased from 35% to 17%
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50 nm 50 nm 29 nm
4-pronged mesh mesh

Uniformity: Variation within an array Reproducibility: Variation between
decreased from 39% to 23% arrays decreased from 35% to 17%
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Collector optimization supports scaled up array

t [
a b c
Standard 1254 p <0.0001
‘ S 1004 T
Q
£ 754
2 AlA
g 504 - i P
— @
5 - =
Wide- G r}l
0 L]

Dense ’

4x Wide-
Dense

L) L) L)
standard  wide-dense  4x scale up

Doan, M.A, Tobos, C.l., et al. (2023). Adv. Eng. Mat.

Reproducibility (%CV)

Fiber Volume (%)

: i
o 1
uleales

Al L
standard wide-dense  4x scale up

p=0.026

T
y 1

60 L

it
304 —hd
0

L) L L
standard wide-dense  4x scale up

Wide-dense collectors increase
needle diameter and reduce
inter-needle spacing for a 5-
fold increase in total needle
volume (0.47 mm3 = 2.14 mm?3)

These collectors maintain
uniformity and reproducibility
while improving selectivity.

Unfortunately, these
improvements did not extend
to 4x-wide dense collectors,



Plasma Cytokine, Chemokine, and Growth Factor
Responses .
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BAL Cytokine, Chemokine, and
Growth Factor Responses

> Activation of innate immunity is restricted
to the local mucosa, and protein
concentrations in BAL after iFMD
administration remained largely
unmeasurable, with no statistically
significant changes in protein expression
compared to baseline.
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Evaluation of immunogenicity at distal mucosal

sites
40 = |
»
T — 30+ . — v
4
'zu 'EE'» v b v
o -
5 %20
€D [ ) hJ *
< 10+ o‘o u, L *le ’iv { v
............. A A B AL LA LOD
0 ? 1 % 1 ¢ 1 1
BL I+14d +28d | I+14d +28d [l +14d +28dI
iFMD iFMD GG
Prime Boost Boost

CRS ==

ANNUAL MEeTiNeé PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025

-4 11C050
- 11C157
¥ 15R516
—+- A10N101
= A10N112

A11NO10

> Nasal IgA concentrations
at baseline varied widely

> None of the immunization
events induced a
significant change Nasal
|gA concentrations
compared to baseline.
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Evaluation of immunogenicity at distal mucosal
sites
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> Anti-NP IgA binding concentrations increased 3-fold over baseline or more in two animals.

> This suggests that iIFMD have the potential to induce distal mucosal immunity, although
they elicited suboptimal nasal humoral responses in this study.
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