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SUMMARY:  22 
Here we describe a protocol for producing harvesting needles that can be used to collect full-23 
thickness skin tissue without causing donor site scarring. The needles can be combined with a 24 
simple collection system to achieve high-volume harvesting. 25 
 26 
ABSTRACT:  27 
This manuscript describes the production process for a laboratory apparatus, made from off-the-28 
shelf components, that can be used to collect microcolumns of full-thickness skin tissue. The 29 
small size of the microcolumns allows donor sites to heal quickly without causing donor site 30 
scarring, while harvesting full-thickness tissue enables the incorporation of all cellular and 31 
extracellular components of skin tissue, including those associated with deeper dermal regions 32 
and the adnexal skin structures, which have yet to be successfully reproduced using conventional 33 
tissue engineering techniques. The microcolumns can be applied directly into skin wounds to 34 
augment healing, or they can be used as the autologous cell/tissue source for other tissue 35 
engineering approaches. The harvesting needles are made by modifying standard hypodermic 36 
needles, and they can be used alone for harvesting small amounts of tissue or coupled with a 37 
simple suction-based collection system (also made from commonly available laboratory supplies) 38 
for high-volume harvesting to facilitate studies in large animal models. 39 
 40 
INTRODUCTION:  41 
Autologous skin grafting is the mainstay of wound repair, but it is limited by donor site scarcity 42 
and morbidity, leading to concerted efforts in recent decades to develop new therapeutic options 43 
to replace conventional skin grafting1,2. We recently developed an alternative method of 44 
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harvesting skin to harness the benefits of full-thickness skin grafting while minimizing donor site 45 
morbidity. By collecting full-thickness skin in the form of small (~0.5 mm diameter) 46 
“microcolumns”, donor sites are able to heal rapidly and without scarring under normal 47 
circumstances (for potential exceptions, see the discussion section below)3. Microcolumns can 48 
be applied directly into wound beds to accelerate wound closure, reduce contraction3, and 49 
restore a diverse range of epidermal and dermal cell types and functional adnexal structures4, 50 
many of which are lacking in conventional split-thickness skin grafting or current bioengineered 51 
skin substitutes5. The ability of microcolumns to augment healing and of their donor sites to heal 52 
without scarring have both been independently validated by other research groups6,7. 53 
 54 
We have previously developed a laboratory harvesting system to enable the collection of 55 
microcolumns at scale8; however, this system is composed of many customized components that 56 
are not widely available. Here, we describe in detail the process for producing harvesting needles, 57 
as well as simple collection systems, made from mostly off-the-shelf components, that can be 58 
used to achieve high-volume harvesting. The apparatus described in this manuscript is suitable 59 
for in vitro and animal work, but not for use in humans. A clinical device with FDA clearance for 60 
applying this technique in humans is commercially available but will not be discussed in detail 61 
here.  62 
 63 
PROTOCOL: 64 
All work involving live animals and animal tissue samples have been approved by the 65 
Massachusetts General Hospital Institutional Animal Care and Use Committee (IACUC). 66 
 67 
1. Production of Harvesting Needles 68 
 69 
1.1. Setup of the production stage 70 
 71 
1.1.1. Secure a female luer lock connector onto a post, and mount the post onto a rotation stage 72 
so that the luer lock is at the center of the stage (Figure 1A). 73 
 74 
1.1.2. Position this first rotation stage vertically, and mount it perpendicularly onto a second, 75 
horizontal rotation stage (Figure 1B). 76 
 77 
1.1.3. Mount the horizontal rotation stage onto a two-axis translation stage (Figure 1B). 78 
 79 
1.1.4. Fasten the combination onto a stable surface, such as an optical breadboard. 80 
 81 
1.1.5. Separately mount a rotary tool onto the same breadboard, with the tool positioned in 82 
parallel with the breadboard and at approximately the same height as the luer lock connector on 83 
the rotation/translation combination stage (Figure 1C). 84 
 85 
1.1.6. Install two cut-off wheels concentrically onto the rotary tool (a smaller, lower grit 86 
diamond cut-off wheel over a larger, higher grit stone cut-off wheel) (Figure 1D).  87 
 88 
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Note: About a 9 mm difference between the diameters of the two wheels is generally sufficient.  89 
 90 
1.1.7. Position an overhead light source with an adjustable arm over the rotary tool, with the 91 
light aimed at the cutting wheels. 92 
 93 
1.1.8. To enhance visualization, position a dissecting microscope over the production setup so 94 
that the eyepiece is focused on the cutting discs (Figure 1C).  95 
 96 
Note: Alternatively, users can wear magnifying eyewear. 97 
 98 
1.2. Reshaping the needle tip 99 
 100 
1.2.1. Wear protective eyewear and a surgical mask to prevent fine metal particles from 101 
entering the eyes or airways. 102 
 103 
1.2.2. Choose hypodermic needles of the appropriate gauge size, based on experimental 104 
requirements. 105 
 106 
1.2.3. Mark off the intended length on each harvesting needle.  107 
 108 
Note: For harvesting from swine skin, 8 mm needles are typically sufficient; although, the length 109 
may vary based on experimental needs (e.g., thickness of target skin tissue, needle gauge size). 110 
Generally, a 19-gauge needle works well for swine skin. 111 
 112 
1.2.4. Lower the needle perpendicularly to the rotary tool with the power on, using the edge of 113 
the outer cutting disc to cut off the excess length of the needle, at the point marked in step 1.2.3. 114 
 115 
1.2.5. Connect the shortened, blunt needle to the female luer lock connector on the production 116 
stage. 117 
 118 

1.2.6. Adjust the horizontal rotation stage so that the needle is at a 12 angle parallel to the 119 
cutting discs on the rotary tool (changing the angle will impact the force required for needle 120 
insertion). 121 
 122 
1.2.7. Turn on the overhead light and adjust its position while observing the needle under 123 
magnification, until the light is reflected off the midline (lengthwise) of the needle. 124 
 125 
1.2.8. Power on the rotary tool, then use the translation stage to advance the needle towards 126 
the inner (diamond) cutting disc (Figure 2A). 127 
 128 
1.2.9. Keep advancing the needle slowly against the cutting disc until the cutting disc reaches 129 
approximately the midline of the needle (as visualized by the overhead light’s reflection along 130 
the midline).  131 
 132 
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1.2.10. Slowly move the cut needle surface from the inner diamond wheel onto the outer stone 133 
wheel to finish the cut needle surface with a finer polish (Figure 2B). 134 
 135 
1.2.11. Retract the needle away from the cutting disc. 136 
 137 

1.2.12. Using the vertical rotation stage, rotate the needle 180. 138 
 139 
1.2.13. Repeat steps 1.2.9-1.2.10 to reshape the other side of the needle. 140 
 141 
Note: The needle should now have two cutting tips of approximately equal length (Figures 2C 142 
and 2D). 143 
 144 
1.2.14. Remove the needle from the production stage. 145 
 146 
1.2.15. Clean the inside bore with a metal wire that is slightly smaller than the needle’s inner 147 
diameter. 148 
 149 
1.2.16. Using a sharp wooden stick (e.g., by snapping off the end of the small wooden stick on a 150 
cotton tip applicator), remove any burrs that may be still attached to the edges of the newly-151 
formed needle. 152 
 153 
Note: Harvesting needles can be electropolished and sterilized by autoclave if necessary. 154 
 155 
2. Skin Tissue Harvesting 156 
 157 
2.1. Use the harvesting needles to collect skin microcolumns from ex vivo tissue or live 158 
animals. 159 
 160 
2.2. For ex vivo skin tissue that is thin (especially from samples where the subcutaneous fat is 161 
missing or was trimmed away), hold the target tissue over the opening of a 50 mL centrifuge 162 
tube, or stack two pieces of tissue on top of each other, to avoid damaging the needle tips by 163 
hitting them against hard surfaces. 164 
 165 
Note: For in vivo harvesting from live animals, it is recommended that local lidocaine and 166 
epinephrine be administered by intradermal injection for analgesia and to reduce bleeding. 167 
 168 
2.3. Assemble the harvesting apparatus according to the amount of microcolumns needed, as 169 
described below. 170 
 171 
2.4. Low-medium volume option: 172 
 173 
2.4.1. To harvest small to medium amounts of microcolumns, simply fill a standard syringe (10-174 
20 mL syringes usually work well) with normal saline and connect it to a harvesting needle. 175 
 176 



  

Page 4 of 6  revised October 2016 
 

2.4.2. Completely insert the harvesting needle into the donor skin, then retract it. 177 
 178 
2.4.3. Push on the piston of the syringe to flush saline through the harvesting needle and expel 179 
the microcolumn that is lodged in the needle bore. 180 
 181 
2.4.4. To speed up the harvesting process, repeat step 2.4.2 3 to 5 times before expelling the 182 
microcolumns in step 2.4.3. 183 
 184 
Note: It is usually convenient to expel the microcolumns into a standard cell strainer to ease the 185 
subsequent collection of microcolumns. 186 
 187 
2.4.5. If needles become clogged, increase the pressure on the piston to expel the stuck tissue 188 
and remove the clog. If simply increasing pressure is insufficient, insert a metal wire through the 189 
needle tip opening to clear the clog in the needle bore. 190 
 191 
2.4.6. Keep the microcolumns submerged in saline or medium until use to prevent desiccation .  192 
 193 
Note: With an experienced operator, the method described above can be used to harvest 194 
microcolumns at a rate of approximately 1 microcolumn per second. 195 
 196 
2.5. High volume option: 197 
 198 
2.5.1. Create a simple suction-assisted device that can be constructed to facilitate collection of 199 
large amounts of microcolumns.  200 
 201 
Note: The device consists of a harvesting needle, 20 mL syringe with luer lock nozzle, suction 202 
adapter typically used for liposuction (Figure 3A), and sterile suction canister. 203 
 204 
2.5.2. Remove the plunger from the 20 mL syringe. 205 
 206 
2.5.3. Attach the syringe to a suction adapter. 207 
 208 
2.5.4. Complete the assembly by attaching a harvesting needle to the syringe (Figure 3B). 209 
 210 
2.5.5. Use a piece of sterile suction tubing to connect the suction adapter to a sterile suction 211 
canister. Make sure the harvesting apparatus is connected to a canister input that allows fluid to 212 
flow into the canister unimpeded (which may require connection to a canister port that is marked 213 
for outflow rather than inflow). 214 
 215 
2.5.6. Connect the apparatus to a negative pressure source.  216 
 217 
Note: The pressure required depends on needle diameter and length, as previously described8. 218 
For the apparatus described in this manuscript, the suction system found in typical operating 219 
rooms is generally sufficient.   220 
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 221 
2.5.7. Connect a harvesting needle to the syringe. 222 
 223 
2.5.8. Harvest the microcolumns by inserting the harvesting needle into the skin.  224 
 225 
Note: The microcolumns will be drawn into the syringe by suction, then flushed into the suction 226 
canister. 227 
 228 
2.5.9. Intermittently dip the harvesting needle into a container of sterile saline during the 229 
harvesting procedure to flush the system.  230 
 231 
Note: This saline flush facilitates transport of the microcolumn and ensures they stay hydrated. 232 
Alternatively, an MFF luer adaptor can be connected to the luer lock of the syringe, and through 233 
a connection tubing, also to a hanging saline drip bag. 234 
 235 
2.5.10. Keep on hand a metal wire, or smaller gauge needle, that is slightly smaller than the 236 
harvesting needle’s inner diameter. If the needle becomes clogged, it can be cleared by inserting 237 
the metal wire into the needle bore. 238 
 239 
2.5.11. When the desired amount of microcolumns have accumulated in the canister, disconnect 240 
the device from suction, then pour the contents of the suction canister out through a filter to 241 
collect the microcolumns. 242 
 243 
2.6. After harvesting, apply a topical antibiotic ointment over the donor sites.  244 
 245 
Note: Additional dressings are generally not required for donor sites.  246 
 247 
REPRESENTATIVE RESULTS:  248 
The harvesting needles should be able to collect microcolumns of full-thickness skin tissue with 249 
approximately a 80-90% success rate, and each microcolumn should contain epidermis, dermis, 250 
and some subcutaneous fat (Figure 4). If the success rate of harvesting is low, or if it becomes 251 
difficult to insert a needle into tissue, then a new needle is likely needed. If the success rate for 252 
harvesting is consistently low, even with new needles, then the needles are probably too short. 253 
 254 
If used in vivo, donor sites should heal quickly, as re-epithelialization typically occurs within a few 255 
days3. Microcolumns can be applied directly to wound beds to augment wound healing3,4, or they 256 
may be combined with different matrix materials to produce combination constructs. 257 
Microcolumns can also be maintained in culture for in vitro studies9. 258 
 259 
FIGURE AND TABLE LEGENDS:  260 
Figure 1: Needle making apparatus. (A) A female luer lock connector secured via a mounting 261 
post onto a vertically placed rotation stage, so that the luer lock is at the center of the stage. (B) 262 
The vertical rotation stage is mounted perpendicularly onto a second, horizontal rotation stage 263 
(black arrow). The horizontal rotation stage is secured to a two-axis translation stage (white 264 
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arrow). (C) Positioning of the rotary tool parallel to the breadboard (white arrow), and the 265 
dissecting microscope over the needle-making apparatus (red arrow). (D) Concentric cut-off 266 
wheels mounted onto rotary tool, with a diamond wheel on the inside (black arrow) and stone 267 
wheel on the outside (white arrow). 268 
 269 
Figure 2: After cutting the needle to the desired length, the rotary tool is used to grind new 270 
needle tips. (A) First, the diamond cut-off wheel is used to make “rough” cuts to form the new 271 
cutting tips and surfaces. (B) After the new cutting tips are formed with the diamond wheel, the 272 
needle is moved to the stone wheel for fine polishing. (C) Finished harvesting needle viewed from 273 
the front and (D) from the side.  274 
 275 
Figure 3: Assembly for high-volume harvesting. (A) Individual components of the assembly, 276 
including (left to right) the suction adapter, 20 mL syringe with luer lock nozzle, and harvesting 277 
needle. (B) Shown is the completed assembly, ready to connect to negative pressure source. 278 
 279 
Figure 4: Representative skin microcolumns harvested using the apparatus described in this 280 
manuscript. Each microcolumn contains the epidermis (1), full dermis (2), and some 281 
subcutaneous fat (3). Checkmarks in the figure represent 1 mm. This figure has been modified 282 
from Tam et al.4 in accordance with the terms of the corresponding creative commons license. 283 
 284 
DISCUSSION:  285 
The methods described here are intended to enable the collection of tissue microcolumns in 286 
sufficient quantities for in vivo large animal studies, using tools made from commercially available 287 
laboratory supplies. This apparatus has been used previously in harvesting tissue from excised 288 
human skin4,9 as well as live swine skin3. The specific parameters described are those that were 289 
found to be most suited for use in swine. It is expected that the same apparatus can be modified 290 
and adapted for collecting tissue from rodents and other small animals, but this has not been 291 
tested in our laboratory. 292 
 293 
Critical steps in this protocol include ensuring the harvesting needles are of sufficient length 294 
(inefficient harvesting is usually due to needles being too short), keeping the microcolumns 295 
submerged in liquid throughout the harvesting process to prevent desiccation, and flushing the 296 
system with saline at least intermittently (otherwise there is a higher likelihood of microcolumns 297 
clogging the needle bore). The main limitation of this technique is speed; for example, in our 298 
demonstration, the suction-assisted apparatus can generally harvest 120 mg of tissue per minute, 299 
which is sufficient for smaller wound sizes typically used in animal experiments. It would likely be 300 
logistically challenging to use this approach for very large wounds (e.g., in major burn injury 301 
models). Needle gauge is another limitation – the smaller the needle gauge, the more susceptible 302 
it is to buckling, which is the main failure mode of this technique (in contrast, the technique is 303 
relatively insensitive to needle dulling during the procedure). For swine skin, we normally use 19-304 
gauge needles, which are mechanically robust enough that they rarely buckle. Futhermore, each 305 
animal experiment (typically involving about 3,000-5,000 microcolumns) usually requires only 2 306 
to 3 needles. 25-gauge is the smallest needle size we have used with this technique. 307 
 308 
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The ability of small skin wounds to stimulate tissue regeneration is the underlying principle 309 
behind clinical procedures such as fractional laser resurfacing12 and microneedling13. These 310 
treatments are known to improve the cosmetic appearance of photoaged skin, and more 311 
recently, shown to induce scar remodeling and improve the function and cosmesis of skin 312 
scars14,15. The extensive clinical experience with these techniques also provides further validation 313 
that skin is able to heal without scarring after these microinjuries in the vast majority of cases, 314 
with certain exceptions (fractional laser resurfacing reportedly has a 3.8% incidence of scarring, 315 
almost always as a result of infection16, highlighting the importance of post-procedural skin care). 316 
In addition, people with a history of keloids or hypertrophic scarring may be susceptible to 317 
scarring even with these smaller injuries; thus, treatments involving the production of 318 
microinjuries may be counterindicated.  319 
 320 
While our previous investigations have focused on directly applying microcolumns into skin 321 
wounds to enhance healing, the ability to collect significant amounts of tissue without causing 322 
other long-term donor site morbidities (scarring, contracture, etc.) may be useful for a broad 323 
range of other applications. Skin microcolumns may serve as the tissue source for approaches 324 
involving culture expansion or dissociation and dispersion of autologous skin cells10. 325 
Furthermore, microcolumns provide the additional benefits of minimizing donor site morbidity 326 
and including dermal cell types, such as those associated with adnexal structures and the various 327 
stem/progenitor cell populations that reside in deeper parts of the dermis11 (which are not 328 
available with conventional methods that utilize split-thickness skin as the starting material). 329 
Autologous microcolumns may also be used in ex vivo assays to study tissue response to various 330 
stimuli such as drugs or cosmetic products in which, unlike conventional cell culture-based 331 
assays, the cellular and extracellular structures in each microcolumn are maintained in their 332 
respective natural organization formats. More generally, the microcolumn harvesting approach 333 
may also be broadly applicable to providing autologous cells and tissues for various tissue 334 
engineering/regenerative medicine purposes (for skin and other organs), as the underlying 335 
principle of small donor wounds undergoing complete and scarless healing is likely to be 336 
generalizable to other tissue types. 337 
 338 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Diamond wheel Dremel 545

Hypodermic needle (19G) Fisher Scientific 14-840-98

Other needle sizes could be used, 

depending on experimental needs

Stome wheel Dremel 540

Syringe (20mL with luer lock) Fisher Scientific 22-124-967

Suction adapter Tulip Medical PA20BD

Optional, for high volume 

harvesting

Suction canister Fisher Scientific 19-898-212

Optional, for high volume 

harvesting. Sterilize before use.

Suction tubing Medline DYND50216H

Optional, for high volume 

harvesting
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of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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We thank the reviewers for their careful review and insightful comments. Please find our 
point-by-point response in the following. The manuscript has been revised accordingly. 
 
Editorial comments: 

Changes to be made by the Author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure 
that there are no spelling or grammar issues. The JoVE editor will not copy-edit 
your manuscript and any errors in the submitted revision may be present in the 
published version. 
 
We have proofread the manuscript to correct spelling and grammatical errors. 
 
2. Please obtain explicit copyright permission to reuse any figures from a previous 
publication. Explicit permission can be expressed in the form of a letter from the 
editor or a link to the editorial policy that allows re-prints. Please upload this 
information as a .doc or .docx file to your Editorial Manager account. The Figure 
must be cited appropriately in the Figure Legend, i.e. “This figure has been modified 
from [citation].” 
 
Explicit copyright permission information has been included in the resubmission. 
 

3. Figures 1 and 2: Please add figure panel labels in figure. 
 
Figure panel labels have been added. 
 

4. Please provide an email address for each author. 
 
Email addresses for all authors have been listed in the manuscript. 
 

5. Keywords: Please provide at least 6 keywords or phrases. 
 
Additional keywords have been included 
 
6. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. 
 
SI units have been used 

 
7. Please include a space between all numbers and their corresponding units: 50 
mL, 37 °C, 60 s; etc. 
 
Spaces have been added between numbers and units. 

Rebuttal Letter Click here to download Rebuttal Letter Point by point
response.docx

http://www.editorialmanager.com/jove/download.aspx?id=853765&guid=94f7d67c-f3ed-4d21-befb-b4921bdbdf9f&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=853765&guid=94f7d67c-f3ed-4d21-befb-b4921bdbdf9f&scheme=1


 
8. Please revise the protocol text to avoid the use of any personal pronouns (e.g., 
"we", "you", "our" etc.). 
Protocol text has been revised to remove personal pronouns 
 

9. 2.4/2.5.7/2.5.8: Please write the text in the imperative tense. Any text that cannot 
be written in the imperative tense may be added as a “Note.” 
 
The items in question have been rewritten in the imperative tense, or added as 
Notes. 
 

10. As we are a methods journal, please revise the Discussion to explicitly cover the 
following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 
The Discussion section has been revised as requested 
 
11. References: Please do not abbreviate journal titles. 
 
The bibliography has been reformatted to use full journal titles  
 
Reviewers' comments: 
 
Reviewer #1: 

Manuscript Summary: 
It is a well written MS and protocol for a device which is badly needed for 
harvesting full thickness micro-columns. 
 
We thank the reviewer for the encouraging comment. 
 
Reviewer #2: 

Manuscript Summary: 
Overall, the description of the process is pretty straightforward, as is the authors' 
rationale and motivation for developing this technique and device. I think it would 
help to have more thorough descriptions and pictures of the final harvest device 
because it is the final product that really matters; I am completely unfamiliar with 
how to set up and use the tools here, but I bet there are lots of perfectly suitable 
methods to make the final product. So the key to recreating their device is not 



necessarily setting up the tools in the exact same way but instead in producing a 
similar needle in the end. I also would like to hear a comment on how durable these 
needles are and how quickly they go dull. I do not mean robust data or expensive 
SEM images of needle tips after being used, but rather a statement like, "In our 
experience, # needles are sufficient to harvest #columns efficiently." Lastly, their 
final paragraph seems out of place and is completely untested conjecture (which 
they acknowledge). Overall and interesting video manuscript. 
 
The technique is actually relatively insensitive to needle dulling during the procedure – the 
main failure mode of this technique is the needles buckling. For swine skin we normally use 
19 gauge needles, which are thick enough that they rarely buckle, and each animal 
experiment (typically involving about 3,000 – 5,000 microcolumns) usually requires only 
2-3 needles. This discussion has been added to the Discussion section. The last paragraph 
has been revised to remove the speculative portion about potential utility in cosmetic 
resurfacing/scar revision applications. 
 
Reviewer #3: 

Manuscript Summary: 
This manuscript describes the fabrication of a micro-column tissue harvester. 
 

Major Concerns: 
Please add a photograph of the needle after it has been processed through step 
1.2.14. 
 
Photographs of a finished needle have been added to Figure 2 
 

Minor Concerns: 
For step 1.1.6- What is the desired difference in diameter and thickness between the 
two wheels? 
 
About 9 mm different in diameters is typically sufficient, this has been added to 
the manuscript. There is no specific recommendation for thickness. 
 

For 1.2.3 a suggested length of needle is specified for pig skin. Could the authors 
please add a common gauge range of needles used for these studies? 
 
19 gauge is typically used in our lab, 25 gauge is the smallest size we have used. These 
characteristics have been added to the manuscript. 
 
Reviewer #4:  

Manuscript Summary: 
Methodology for generating harvesting needles that can be used to collect full-
thickness skin tissue without causing donor site scarring. 



 

Major Concerns: 
The statement "without causing donor site scarring" is inaccurate. This 
methodology minimizes scarring. The authors should note this apparatus will 
create a wound 0.5 mm in diameter, which is less trauma than via traditional 
techniques; however, those prone to hypertrophic scarring and keloids can develop 
a scar. 
 
We agree with the reviewer that while skin is generally able to heal without scarring from 
microinjuries, there are exceptions, such as in keloid-prone individuals, where that may not 
be true. We have expanded the Discussion section to include discussion of such cases. 
 

Minor Concerns: 
Please review for spelling/grammatical errors. 
 
The manuscript has been reviewed to correct spelling and grammatical errors 

 
 



Explicit permission to use Figure 4 
 
Link to the editorial policy that allows re-prints: 
https://creativecommons.org/licenses/by/4.0/ 
 
Link to original publication: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/term.2174 
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