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Abstract

Conventional skin biopsy limits the clinical research that involves cosmetically sensitive areas or pediatric applications due to its invasiveness.
Here, we describe the protocol for using an absorbent microneedle-based device, absorbent microbiopsy, for minimally invasive sampling of skin
and blood mixture. Our goal is to help facilitate rapid progress in clinical research, the establishment of biomarkers for skin disease and reducing
the risk for clinical research participants. In contrast to conventional skin biopsy techniques, the absorbent microbiopsy can be performed within
seconds and does not require intensive training due to its simple design. In this report, we describe the use of absorbent microbiopsy, including
loading and application, on a volunteer. Then, we show how to isolate RNA from the absorbed sample. Finally, we demonstrate the use of
quantitative reverse transcription PCR (RT-qPCR) to quantify mRNA expression levels of both blood (CD3E and CD19) and skin (KRT14 and
TYR). The methods that we describe utilize off the shelf kits and reagents. This protocol offers a minimally invasive approach for simultaneous
sampling of skin and blood within the same absorbent microbiopsy matrix. We have found human ethics committees, clinicians and volunteers to
be supportive of this approach to dermatological research.

Video Link

The video component of this article can be found at https://www.jove.com/video/58614/

Introduction

Skin biopsy is one of the most essential techniques in dermatology for skin sampling and subsequent diagnosis of skin diseases through
histopathological assessment. The biopsy technique involves a medical professional using a blade or punch biopsy to remove the suspicious
lesion on patient's skin for examination1. Though the technique is effective, it is highly invasive and limits clinical research as the end point
usually involves molecular biology techniques2,3. Molecular analysis of skin diseases has the potential to provide highly specific biological
information that histopathological analysis cannot, thus facilitating drug discovery and disease diagnosis4,5. Besides, the sample demand in most
molecular techniques is comparatively small and may lead to a reduction in animal use and permit a larger number of replicates. Therefore, there
is a clear need for an alternative technique that enables molecular analysis in clinical research and lowers risk for participants.

To address such a need in the field, our group has developed a novel microneedle-based diagnostic platform, absorbent microbiopsy, that
enables the collection of a tiny amount of skin mixed with blood in a simple and minimally invasive manner6. The purpose of this publication is to
describe the absorbent microbiopsy as a sampling tool to facilitate molecular analysis through RNA extraction in clinical research.

Previously, we have described the first version of microbiopsy, skin microbiopsy, which consists of a microneedle made of a three-layer steel
plate design to extract tiny pieces of skin tissues7. The novelty of this device comes from the multiple contact points from the microneedle that
permits efficient tissue extraction3. In contrast, a circular skin punch biopsy provides only one contact point and simply tears the skin without
capturing any sample in some cases. Based on the skin microbiopsy, we recently developed the absorbent microbiopsy which has both blood
and skin sampling capabilities. The device has been shown to be feasible for use in resource-poor areas in a recent epidemiological study6.

Due to its simple design, the absorbent microbiopsy can be performed within a few seconds and does not require extensive training. Additionally,
local anesthetic is not needed, and the application site does not cause scarring. The present protocol enables researchers or medical
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professionals without relevant sampling training to obtain targeted skin data for molecular analysis. We expect microsampling devices to become
routine in skin research in the future.

Although the microbiopsy has been reported in other skin disease studies that involved molecular diagnostic techniques6,8,9,10, such as human
papilloma virus DNA detection, this protocol is the first to demonstrate the details of the sample extraction and processing techniques for the
absorbent microbiopsy. Further, this is the first report describing the relative gene expression profiling of skin and blood cells in microbiopsy
samples.

Protocol

The study was approved by Metro South Human Research Ethics Committee and the University of Queensland Human Research Ethics
Committee (HREC-13-QPAH-551 and UQ2013001551) and the University of South Australia Human Ethics Committee (200607).

1. Absorbent Microbiopsy Fabrication

1. Laser cut microneedle parts from 50 µm medical-grade stainless steel sheet and absorbent layer (filter paper), respectively (Figure 1).
 

Note: Other parts, including the plunger and the case, of the device are fabricated with rapid-prototyping techniques, such as 3D printing.
2. Soak all the parts, except for the absorbent layer, in 70% ethanol (EtOH) for 5 min and air dry them for 30 min afterwards.
3. Assemble the three-layer microneedle, with the absorbent layer in the middle (Figure 1a).
4. Insert the assembled microneedle into the slit of plunger.
5. Put on the spring and insert the plunger into the case (Figure 1c). Avoid the microneedle touching anything in the assembling procedure to

ensure the needle quality.
6. Seal the assembled absorbent microbiopsy in a package for γ-radiation sterilization before using.

2. Sampling with the Absorbent Microbiopsy

1. Wear disposable gloves, and spray hands and tools, such as forceps, with 70% EtOH.
2. Sanitize the application site with an alcohol wipe.
3. Remove the microbiopsy from the γ-radiation sterilized package without touching the microneedle in the process.
4. Load the device by pulling the plunger to compress the spring until there is a ‘click’ sound and the plunger locks in place.
5. Aim the device at the skin to be sampled, ensuring that the sampling area is in a fixed position.
6. Ensure that the device is approximately perpendicular to the skin, then apply ≥1 kg of force to the device onto the skin.

 

Note: Applying force downwards into the skin is required to ensure sufficient penetration of the microneedle.
7. Press the trigger and hold the device in place for a minimum of 10 s for the blood sample to be absorbed.

 

Note: If the device is released before 10 s, there is less sample captured.

3. RNA Extraction

Note: The RNA extraction procedures were modified from manufacturers’ protocol for optimal isolation of RNA from microbiopsied sample. All
the reagents and column used in RNA extraction are included in the kit unless indicated otherwise.

1. Pull out the plunger and absorbent microneedle from the case by hands gently. Ensure that the tip of the microneedle does not come into
contact with anything during removal.

2. Remove the absorbent microneedle from the plunger. Hold onto the two holes on the microneedle with a pair of sterile forceps and pull it out.
3. Put the intact microneedle in a 2 mL microcentrifuge tube (not from the RNA isolation kit; see Table of Materials) prefilled with 50 µL of

Extraction Buffer, with the needle side facing down towards the bottom. To minimize sample loss, leave the tube on dry ice for 5 min before
processing the sample.

4. Vortex briefly (3 - 5 s) to remove some of the sampled materials from the tip.
5. Incubate the microneedle in the tube on a rocker for 30 min at 42 °C.

 

Note: The buffer solution will be absorbed into the absorbent layer immediately.
6. Place the top part of the microneedle (the opposite side from the needle) level with the top edge of the 2 mL microfuge tube using sterile

forceps.
7. Close the lid of the tube such that the top of the microneedle is held in place between the cap and tube.
8. Spin the tube at 16,000 x g or at maximum speed for 30 s to remove the sampled materials from the absorbent layer of the device.
9. Remove the microneedle carefully with forceps without dipping back into the buffer solution. Keep the tube and discard the microneedle.
10. Centrifuge the samples at 3,000 x g for 2 min. Pipette the supernatant containing the extracted RNA carefully into a new microcentrifuge tube.
11. Add 250 µL of Conditioning Buffer onto the purification column filter membrane and incubate for 5 min at room temperature.
12. Centrifuge the column in the collection tube at 16,000 x g or at maximum speed for 1 min.
13. Add 50 µL of 70% EtOH into the collected sample from Step 3.9. Mix well by gently pipetting up and down.
14. Transfer the mixture (~100 µL) into the preconditioned purification column.
15. Centrifuge for 2 min at 100 x g immediately, followed by a centrifugation at 16,000 x g for 30 s to remove the flow-through.
16. Add 100 µL of Wash Buffer 1 (W1) into the purification column and centrifuge for 1 min at 8,000 x g.
17. Prepare DNase solution by adding 5 µL of DNase I Stock Solution to 35 µL of Buffer RDD in a separate microcentrifuge tube for each sample.

Mix by gently inverting.
 

Note: The DNase treatment is to be performed on the purification column, instead of in the PCR plate afterwards, because of the quantity of
the sample.

18. Add 40 µL of DNase incubation mix directly into the purification column membrane. Incubate at room temperature for 15 min.
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19. Add 40 µL of W1 into the purification column membrane. Centrifuge at 8,000 x g for 15 s.
20. Pipette 100 µL of Wash Buffer 2 (W2) into the purification column after the DNase treatment and centrifuge for 1 min at 8,000 x g.
21. Add another 100 µL of W2 into the purification column and centrifuge for 2 min at 16,000 x g. Check the purification column for any residual

wash buffer. Re-centrifuge at 16,000 x g for 1 min if any wash buffer remains.
22. Transfer the purification column to a new 0.5 mL microcentrifuge tube provided in the kit.
23. Pipette 11 µL of RNase-free water (not provided in the RNA isolation kit), instead of Elution Buffer (EB), directly onto the membrane of the

purification column. Gently touch the tip of the pipette to the surface of the membrane while dispensing the RNase-free water to ensure
maximum absorption of RNase-free water into the membrane. Incubate at room temperature for 2 min.

24. Centrifuge the column for 1 min at 1,000 x g to distribute the RNase-free water in the column, then centrifuge for 16,000 x g at 1 min to elute
RNA.
 

Note: RNA quantification is not recommended due to the small quantity of the sample.
25. Stop point #1: Store the total RNA sample at -80 °C if cDNA synthesis is not performed immediately.

 

Note: Avoid freezing if not necessary given the low concentration of RNA sample.

4. cDNA Synthesis

1. Thaw the frozen sample on ice (from Step 3.25).
2. Synthesize cDNA from total RNA with cDNA synthesis kit according to the procedure below.
3. Prepare the reaction mix: 11 µL of total RNA, 4 µL of 5x TransAmp Buffer, 1 µL of reverse transcriptase, 4 µL of DNase/RNase-free water.

Mix gently by pipetting.
4. Run reverse transcription on a thermal cycler apparatus: 25 °C for 10 min, 42 °C for 15 min, followed by a final reverse transcriptase

inactivation step at 85 °C for 5 min.
5. Stop point #2: Store the reverse transcribed sample at -80 °C until use.

5. qPCR Reaction and Data Analysis

Note: The primers for qPCR reactions were designed to span intron boundaries to avoid the amplification of genomic DNA using NCBI Primer
BLAST (www.ncbi.nlm.nih.gov/tools/primer-blast/). The reference gene used in this study is RPLP0 (see the Discussion section for more
information).

1. Thaw the frozen sample on ice (from Step 4.5).
2. Perform qPCR with the qPCR master mix kit according to the procedure below.
3. Prepare master mix containing the followings per reaction: 5 µL of 2x qPCR reaction mix, 0.4 µL of 10 µM forward primer, 0.4 µL of 10 µM

reverse primer, 2.2 µL of DNase-free water. Mix gently by pipetting. Set up the samples in triplicates.
4. Pipette 8 µL of the master mix into each well of a 384-well PCR plate first and then 2 µL of cDNA from each sample (a total of 10 µL per well).

 

Note: No template control (NTC) and no reverse transcriptase control (-RT) are included as negative controls.
5. Seal the plate with adhesive film, and centrifuge briefly.
6. Run the amplification reaction on a real-time thermal cycler: 95 °C for 2 min (polymerase activation), followed by 40 cycles of 95 °C for 5 s

(denaturation), 60 °C for 10 s (annealing) and 72 °C for 10 s (extension).
7. Calculate the RNA concentration of samples by interpolating from a standard curve prepared from templates with known concentrations.

1. Create a New Experiment in the software.
2. Click Define and Set Up Standards to set up serial dilution for plates.
3. Select and arrange the wells for standards and samples. Click Apply.
4. Click Analyze in the Result tab to assess the standard curve. Confirm the slope, R2 value, amplification efficiency and error meet the

experimental criteria.
5. Check the quantities of the unknown samples visually on the standard curve based on their Ct values.

 

Note: The construction of standard curve, including the choice of dilution factor, is performed according to published protocols11,12,13.

8. Perform gene expression analysis of mRNA by using the ΔCt method (Ct is normalized to a refence gene).
1. Subtract the Ct value of target gene from the Ct value of reference gene to obtain the ΔCt value.
2. Average the ΔCt values of technical replicates.
3. Plot and analyze the gene expression with statistics software11,14 (see Table of Materials).

 

Note: Alternatively, the gene expression analysis is performed according to published protocols13.

Representative Results

We have previously reported that the microneedle of the skin microbiopsy penetrates the skin approximately 500 µm deep7. The microneedle
design of skin microbiopsy is highly similar to the one on absorbent microbiopsy (Figure 2a). While the absorbent microbiopsy consisted of an
absorbent layer in the middle for blood absorption, the skin microbiopsy contained a channel for mechanical capturing of skin tissues. The use of
absorbent layer also led to a slight difference in the microneedle dimension (absorbent: 1.50 x 0.50 x 0.21 mm vs skin: 1.50 x 0.50 x 0.15 mm).

Figure 2b shows the application sites 5 min after absorbent and skin microbiopsies were applied on the left volar arm of male volunteer. Due
to the similarity between the two microneedle designs, the application sites from both devices were comparable, with minor erythema. Both
application sites were not noticeable after 48 h with no scars left behind. This supports the hypothesis that this minimally invasive device has the
potential to help screen multiple application sites or to be performed on a regular basis.
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Figure 2c shows a representative picture of the absorbent layer of the absorbent microbiopsy after being applied to the volar arm of a male
volunteer. As shown in the figure, a few tiny pieces of skin were captured near the tip of the microneedle, and some blood was absorbed into
the filter paper. This indicates that the device penetrated the skin and captured both skin and blood simultaneously within the same absorbent
microbiopsy matrix. Figure 2d shows a post-sampling skin microbiopsy, the previous generation of microbiopsy, for comparison. The channel of
the skin microbiopsy captured a small piece of skin, but the amount of blood on the microneedle was small relative to the absorbent microbiopsy.
Both application sites were not noticeable within 48 h. In the experiment, the absorbent microbiopsy was applied with a 10-s holding time post-
application, while the skin microbiopsy was immediately released after applying due to the difference in design.

As shown in Figure 3a, two groups of absorbent microbiopsy were involved in this experiment based on the application protocol: 'Immediate
release' and '10-s holding'. For the 'Immediate release' group, the device was applied using the same original skin microbiopsy protocol, with
the device being removed from the application site immediately after application. For the '10-s holding' group, the device was held in place after
the application for 10 s to improve sample collection. The two groups of absorbent microbiopsy were set up to demonstrate how the application
approach could affect the sample amount. The 10-s holding time was chosen as a clinically reasonable time to demonstrate that the application
time affects the amount of recoverable sample.

The amount of RNA recovered from the two absorbent microbiopsy groups were 0.33 ± 0.39 ng for 'Immediate release' and 1.43 ± 0.88 ng for
'10-s holding' (Figure 3a, n = 20), suggesting a 4-fold increase with the extra holding time. This indicates that applying the absorbent device with
the 10-s holding time resulted in more RNA extracted. The difference may be due to the presence of increased blood sample in the absorbent
layer (Figure 3c). Indeed, the 'Immediate release' group (Figure 3b) failed to collect a similar amount of blood with the absorbent layer as
compared to the '10-s holding' group (Figure 3c). It should also be noted that most immediately released microbiopsies were close to the x-axis,
suggesting they were negative events or displayed a very low amount of RNA. Therefore, the result validated the hypothesis that the holding
time would have an impact on the performance of the device as it might take time for the blood to be absorbed by the absorbent layer.

Since the device was designed for blood and skin sampling, qPCR was used to detect the expression of skin and blood biomarkers for both
devices for comparison. We used tyrosinase, TYR, as a biomarker for melanocytes and KRT14 as a biomarker for keratinocytes in the viable
epidermis. Skin microbiopsy samples were included in the experiment for comparison. As shown in Figure 4, though skin and absorbent
microbiopsies were applied differently due to the difference in design, the expression levels for both skin biomarkers TYR and KRT14 were
comparable for both devices as indicated by the data. White blood cell biomarkers (CD3E, T cells and CD19, B cells) were found to be more
prevalent in absorbent microbiopsy samples than in skin microbiopsy samples. This result suggests that the absorbent microbiopsy performed
better in blood collection but still maintained the capacity for capturing skin as compared to the skin microbiopsy (n = 5).

 

Figure 1. The fabrication of absorbent microbiopsy. (a) The three-layer microneedle. (b) All parts of the device. (c) The assembled absorbent
microbiopsy. Please click here to view a larger version of this figure.
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Figure 2. The absorbent microbiopsy was able to capture skin and blood samples simultaneously without leaving a scar on the left
volar arm of male volunteer. (a) A comparison between the microneedles of absorbent and skin microbiopsies. (b) Application sites left by
absorbent and skin microbiopsies 5 min after application. (c,d) Microneedles of absorbent and skin microbiopsies after application. Please click
here to view a larger version of this figure.
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Figure 3. The absorbent microbiopsy captured more blood and RNA sample when applied for 10-s. (a) The 10-s post-application holding
time resulted in a higher amount of RNA than releasing the device immediately (n = 20). Error bars represent S.D. from the mean (****p<0.0001).
(b,c) Representative pictures of the absorbent microbiopsies after application with 'Immediate release' and '10-s holding' approaches. Please
click here to view a larger version of this figure.
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Figure 4. The comparison of mRNA expression levels between skin and absorbent microbiopsies (n = 5). The gene expression had been
normalized with reference gene RPLP0. Error bars represent S.D. from the mean (*p<0.05). Please click here to view a larger version of this
figure.

Discussion

These results demonstrate that the absorbent microbiopsy can be used as a tool for simple and minimally invasive sampling of skin and blood
mixture for molecular characterization. Device application in accordance with our protocol is essential for obtaining reliable results as shown by
the difference in RNA amount recovered with different application protocols (Figure 3). Once the sample is extracted, the subsequent sample
processing step for RNA extraction is highly similar to established protocols15,16. Besides from the initial steps in RNA extraction that are modified
for the absorbent microbiopsy, another key change is the use of RNase-free water to improve the results for downstream applications. Moreover,
it is worth mentioning that the reference gene used in this study is RPLP0. RPLP0, whose function is well known for different cell and tissue
types17, has been reported as a suitable reference gene for use in non-melanoma skin cancers and precancerous lesions18.

One of the main limitations of the device is the removal of the microbiopsy from the device, which is time-consuming and potentially increases
the chance of sample loss, especially for sensitive samples like RNA. Nevertheless, the issue can be overcome by pre-cooling all the sterile
processing tools, such as the 2 mL microcentrifuge tubes, on dry ice.

The use of the absorbent microbiopsy is simple and does not require intensive training. Conventional biopsy is not necessary as microbiopsy
permits molecular characterization with established molecular diagnosis techniques, such as RT-qPCR. To further quantify and demonstrate
the sampling ability of absorbent microbiopsy, previous literature that involved RNA extraction from human skin tissue was investigated. From
a typical 3.0 or 4.0 mm skin punch biopsy, three studies have reported the extracted RNA amounts ranged from 50 to 200 ng per mg of skin
tissue19,20,21. Comparing with the 1.43 ng of RNA that was recovered from the absorbent microbiopsy on average (Figure 3), the weight of
sampled skin tissues is expected to range from 0.29-115 µg based on the same RNA-to-tissue ratio from skin punch biopsy studies.

This protocol is not without potential pitfalls, though some of the problems can be easily overcome. For example, the RNA extraction data
suggested a considerable variation even with the 10-s holding time (Figure 3). To address the problem, one potential solution involves optimizing
the application protocol. Parameters such as force applied to the skin and holding time should be tested and optimized to reduce the variations
in sample extraction. The other potential issue is the removal of microbiopsy from the device, which might impact the sample integrity and
recovery. Although removing the microbiopsy for RNA extraction is an effective approach, the entire procedure is tedious, and the sample might
be exposed to contamination in the process. Therefore, the modification of the sample processing protocol is highly desired in order to ensure
sample integrity and prevent sample loss.

Once the above two issues are addressed, it is expected that the device will become a standard tool for clinical research. It is important to note
that the device captures both skin and blood sample simultaneously and this should be taken into consideration when analyzing gene expression
data. In conclusion, this protocol describes the details of performing absorbent microbiopsy as an easy and minimally invasive tool for combined
skin and blood sampling and the subsequent sample processing for relative gene expression profiling.
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