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Figure S1. The picture of the commercial microneedle roller (DRS Dermaroller

System 600, Derma Roller System, Ltd., Genmany). There are 10 rows on the head,
with 60 needles per row. The space between rows is 2 mm. The derma roller comes in
several different needle lengths depending on the treatment. In this paper, 0.5-mm-long,

1.0-mm-long and 1.5-mm-long models are used.
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Figure S2. The details of the fabrication of the FIEA. (A) Process of the fabrication
of the Parylene-based flexible patch with 10 um thick electroplated golden electrode.
(B) The details of the flexible electrode. To achieve uniform distributed electric field,
the microelectrode is designed as rectangular interdigital profile. The width of the
microelectrode is 200 pm, while the spacing is 500 um. The effective area is 10 by 10

square millimeter.
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Figure S3. The model of the electric field analysis.

The simplified model is shown in Figure S3. A square two-dimensional domain of the
tissue had a 10 pum thick gold electrode applied on the bottom as the right half of Figure
S1 shows. To simplify the model, we treated that the electric conductivity of the tissue
was homogeneous everywhere, and the high-resistance corneum was ignored. The
conductivity of the gold and tissue was set as 4.5 MS/m and 0.1 S/m, respectively.[1]
If using the proposed method in this paper, the effect of the microneedle roller could
cause a series microchannel in the skin as shown in left of Figure S1. The geometric
shape of the microchannel was cone with 125 um diameter and 500 pm height, and they
were connecting with the gold electrode.[2]

The model utilized the Electric Currents module to fully capture the electric field

contribution to solve the following equations:

V']:Qj
J=0E+],
E=-VV

Here J denotes the current vector (A) and E represents the electric field vector (V/m).
Q; is electric charge (C), V is potential (V).

The boundary condition: The left electrode was set as 50 V, and the right electrode was
set as Ground. The other boundaries were set as electric insulation except two vertical
boundaries, and they were defined as periodic boundary to simulate the actual situation

better.



—_
(]
e

)
?

Mean Fluorescence Intensity
(MF1) (photons/(s- cm?)

04
RFP Plasmid
Rolling
EPat70V - + + + o+ +  +
Interval Time (min) - NA 1 5 10 15 30

Figure S5. The relationship of RFP plasmid delivery efficacy and the interval time

between microneedle and FIFA treatment.
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Figure S6. Experiment to verify sufficient electric field could be generated under
the skin by penetrating high-resistance stratum corneum. (A) The process of the in
vivo muscle electroporation utilizing microneedle roller and flexible electroporation
electrode. (B) Whole-body fluorescence images of the control mice and ten mice whose
thigh received different treatments for RFP plasmid transfection in vivo. Red circles

represent the electroporated area (5 pulses, 10ms duration, 1s interval)
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Figure S7. The distribution of electric field beneath the skin (100 pm - 1600 pm)
under treatment with the microneedle rollers of different length. The model is
analogously set up as previously described, but different in the geometric height of the
microchannel. Red, olive and blue curves represent the electric field strengths on the
centerlines in the middle of adjacent microchannel with 0.5 mm, 1.0 mm and 1.5 mm

height, respectively.



Mouse 1 Mouse 2 Mouse 1 Mouse 2

Figure S8. Mouse images acquired at day S after electroporation of CyS-labelled
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siRNA. It was shown that the skin was healthy, the color of pre-depilated skin was gray
or black, suggesting hair growth cycle has switched from telogen, to catagen or anagen.

Accordingly, some hair has regrown out from the skin.
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Figure S9. The diffusion of the drug into the blood vessels assay. (A) Fluorescence
image of the blood collected from the electroporated mice after 5 minutes, 30 minutes
and 60 minutes. (B) Quantitative analysis of the mean fluorescence intensity of different

groups.
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