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A B S T R A C T 

 

Introduction 

 

The amount, type, and distribution of the dark biopolymer melanin in the 

skin contribute to the uniqueness of every person [1, 2]. Already after 

deep-partial thickness-burn trauma, therapy results can include post-

burn hypopigmentation (leucoderma) [3-5]. Visual impressions of body 

form and skin color are important factors for interactions among humans, 

especially for facial appearance. Thus, the cosmetic outcome of grafting 

A skin cell-spray grafting technique that enables the on-site application of freshly isolated autologous single 

cell suspensions was already applied in many cases on caucasian patients with low skin coloration. Our 

project hypothesis is that these suspensions contain keratinocytes and vital melanocytes, that are of 

particular interest for the treatment of patients of darker skin color. To test this, we applied an in vitro model, 

wherein the feasibility of i) isolating and ii) spraying of freshly isolated autologous melanocyte-keratinocyte 

cell suspensions was investigated. Primary human epidermal keratinocytes (HEKs) and melanocytes (MCs) 

were isolated from skin biopsies (n=8). Biochemical parameter, cell counts, cell morphology, growth 

behavior and immunofluorescence results were compared in two groups using MC cultures and co-cultures 

of MCs with HEKs. Case information on using the method clinically with one patient is included. The 

sprayed mixed cell suspensions proliferated in all groups without measurable loss of viability, and MCs 

exhibited a regular cell morphology in monoculture up to passage 4°. The sprayed MCs and HEKs 

demonstrated in vitro glucose and lactate metabolism that was comparable to the pipetted controls. In co-

culture, well distributed CK14+ HEKs and NKI/beteb+ MCs could be demonstrated, which interacted in the 

in vitro model. The ratio of HEKs : MCs in our primary cultures were microscopically counted (n=8 each) 

as mean +/- SD 1,211,000 (+/- 574,343) HEK : 99,625 (+/- 59,025) MC; i.e., a ratio of approx. 12 : 1. Using 

the isolation method clinically for a patient with dark skin coloration after suffering severe second-degree 

burns shows a satisfying re-pigmentation of the resulting wound post healing. Freshly isolated spray-on 

melanocyte/keratinocyte suspensions provide for a considerable amount of viable HEKs and MCs. Using 

MCs in spray-grafting suspensions could represent a promising approach for treating severe partial-

thickness burns and innovative therapy developments that also aim to address cosmetic aspects. 
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can be important for an individual’s psychosocial well-being post 

therapy. Although autologous skin spray grafting [Allouni et al.] was 

already introduced to complement conventional split-skin grafting in 

deep partial thickness burns, aspects of re-pigmentation were not studied 

yet [6-11]. Therapeutically applied melanocytes (MCs) bear the potential 

for improving cosmetic results due to their re-pigmentation properties 

but using standard cell isolation techniques that focus on human 

epidermal keratinocytes (HEKs), they may not have been provided in 

sufficient amounts [12, 13]. For cell spray grafting approaches, MCs 

would be ideally isolated in natural ratios compared to HEKs and be kept 

vital and proliferative post spraying [6].  

 

Using a previously clinically applied cell isolation method, we have 

demonstrated that autologous freshly isolated HEK containing skin cell 

suspensions can be used for immediate spray-grafting with clinically 

satisfying results [7, 8, 14, 15]. This method differs from the process 

published by of Wood et al. in performing an initial step of separation of 

the dermal and epidermal layer using the enzyme dispase followed by an 

extra cell washing step [12]. Thereby, dispase enables to expose the 

progenitor cell-containing basal layer before the exposure with trypsin 

for cell liberation, and thus, complete isolation from all relevant skin 

layers. Our project hypothesis is that the cell suspension isolated with 

this method contains keratinocytes and vital melanocytes, of particular 

interest in the treatment of patients with darker skin coloration. We 

further hypothesized that direct spray deposition after cell isolation 

would have no negative impact on the cell attachment, survival, and 

expansion in vitro. 

 

To test this, we applied an in vitro model where we wanted to confirm: 

i) a transferability of viable patient’s HEKs and MCs when using 

developed isolation and spray grafting technique,  

ii) the viability of MCs post-spraying, and  

iii) the presence of surviving HEKs / MCs sprayed onto an in vitro 

wound model test surface in native ratios. 

Our in vitro results are supported by preliminary data of one clinical case 

report. 

 

Materials and Methods  

 

Unless otherwise indicated, Biochrom AG (Berlin, Germany) supplied 

all materials. 

All media were supplemented with 120 µg/ml Penicillin/Streptomycin 

(Gibco, Thermo Scientific, Waltham, MA) and 2,5 µg/ml Amphotericin 

B (Gibco). Pipetted control cultures and sprayed cultures were incubated 

at 37°C in a humidified atmosphere with 5% CO2 in an incubator 

(Heraeus BB 6060, Kendro, Langenselbold, Germany). 

 

Skin biopsies – keratinocyte and melanocyte isolation 

 

The ethical committee of the Medical Faculty Charité Campus Virchow-

Clinic Berlin, Germany, approved the use of cells for all described in 

vitro studies. The study used human-derived skin cells and was 

conducted according to the Declaration of Helsinki principles. 

Participants provided their written informed consent. Skin biopsies of 11 

healthy volunteers undergoing cosmetic surgery were used, which 

resulted in n=8 experimental setups. Said biopsies were about 2 x 2 cm 

and up to 6 x 4 cm in size. Our laboratory previously described skin cell 

isolation for primary HEKs along with cell culture, and we followed the 

respective experimental protocols [16, 17]. However, for this study, 

HEKs and MCs were unhinged from the epidermal layer by using 0,05% 

Trypsin and 0,02% EDTA (Gibco) solution for 15 min at 37°C. After 

stopping the reaction with PBS containing 10% FCS, cells were 

centrifuged at 1000 rpm (216 g) for 5 min (Multifuge 3 S-R, Kendro 

Laboratory Products GmbH, Langenselbold, Germany). The pellet 

received was suspended in melanocyte specific medium M254 (Cascade 

Biologics, Inc., Portland, OR, USA). The cells were counted using a 

Neubauer counting chamber (Hämocytometer, Merck, Darmstadt, 

Germany). The freshly isolated cells were directly sprayed and pipetted 

according to the experimental setups. Cell culture followed as set out 

below. 

 

Cell spray device 

 

A device for cell spray application was prototyped by StemCell Systems 

GmbH (Berlin, Germany). The device consists of an electronically 

controlled pneumatic fluid distribution control unit for the adjustment of 

the fluid flow rate and the air flow, and a sterilizable cell spray head with 

a nozzle and a clamping fixture on a linear motor, holding a cell 

suspension-containing syringe (Figure 1). A disposable 2 ml syringe (B. 

Braun, Melsungen, Germany) containing 1 ml of the freshly isolated cell 

suspension is connected via a Luer-lock tube with the spray nozzle. The 

fluid-flow of the cell suspension and the airflow in the spray nozzle are 

controlled. An airflow of 3,7 l/min and a fluid-flow of 4,2 cm3/min were 

used for all cell spray applications since prior experiments demonstrated 

that such adjustment did not affect the cells viability [17]. This 

adjustment results in a standardized spray pressure of 8,2 mmHg that 

was used in all experimental setups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: An early experimental cell-spray deposition device prototype 

developed for single skin cell suspension applications. 

 

Cell spray deposition 

 

The freshly isolated cells were suspended in a concentration of 7.5 x 105 

– 1.8 x 106 cells/cm3 in M254 media. For the co-cultures, subsequently, 

1 ml cell suspension was pipetted into 25 cm2 Petri dishes (Falcon, 

Franklin Lakes, NJ, USA) as control and 1 ml was aspirated into a Luer-

lock 2 ml syringe (B. Braun, Melsungen, Germany) for the cell spray 

device (see supra). This suspension was sprayed onto a tissue culture 

dish of 25 cm2 (FALCON, CORNING, Tewksbury, MA). A spray time 

of 20 sec with a distance of 6 - 10 cm and by an angle of 30 ° - 50 ° was 

used with the cells of passage 0° [7, 8]. An average of 1,2 x 106 cells 
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(with a range of 0,2 x 106 to 1,8 x 106) was sprayed onto the surface of 

the dishes. For the monocultures, Petri dishes with HEKs n=8, and MCs 

n=8 were sprayed and compared in follow-up cultures with the pipetted 

control cultures. For the separation of MCs from HEKs and the general 

cell culture see below. 

 

Separation of HEKs and MCs / cell culture after spraying and 

pipetting 

 

To also isolate HEKs and MCs as single cells, 1 ml cell suspension 

obtained from autologous epidermis was incubated on collagen-coated 

flasks (BD BioCoat Collagen I, BD Biosciences, Bedford, USA) for 

15 min. Afterward, the supernatant that mainly contained MCs was 

transferred to small uncoated dishes (Becton Dickinson, Heidelberg, 

Germany) [17]. The adherent HEK cells were washed with PBS and then 

cultivated in serum-free and calcium-free EPILIFE Medium (Cascade 

Biologics, Inc., Portland, OR, USA) according to the method of 

Rheinwald and Green with minor modifications by Johnen et al. [16, 18-

20]. For all cultures of the study, every third day the medium was 

changed. Only in a few cases, e.g., when the proliferation rate stagnated, 

1 ml fresh medium was added to the cultures, so to maintain the cells’ 

milieu and still provide for sufficient nutrition. 

 

When 70% confluence of cells was reached, they were split off with 5 ml 

0,05% Trypsin for MCs and 5 ml 0,25 % Trypsin in case of HEKs. At 

this point, MCs were kept for no more than 2 min at room temperature 

(RT), preferably under the microscope, so to watch the cells detach and 

to stop the reaction, accordingly. HEKs were incubated for 5 min at 37°C 

with 0,25% Trypsin and stopped with FCS. Centrifugation followed by 

1000 rpm (216 g) for 5 min, so to obtain a respective cell pellet. After 

centrifugation, only one-third of the pellet was seeded onto a new surface 

to continue culturing in another passage. 

 

Biochemical analyses 

 

The supernatant of unconditioned media was tested for baseline values. 

2 ml samples were taken by a 1000 µl pipette (Eppendorf, Hamburg, 

Germany) during routine media change on the third, fifth and seventh 

day and analyzed at the central laboratory of our Charité, Campus 

Virchow-Clinic using a Roche COBAS FARA analyzer (Roche 

Diagnostics Deutschland GmbH, Mannheim, Germany). LDH, glucose, 

and lactate were chosen as a comprehensive parameter for evaluation of 

cell status, proliferation, and metabolism. 

 

Morphology assessment 

 

By comparison of a sprayed monoculture of HEKs and MCs in 25 cm2 

Petri dishes and a conventionally pipetted control monoculture in flasks, 

we tested for differences regarding cell morphology and culture behavior 

up to passage 4°, individually. The experimental culture groups were 

first investigated by light microscopy (Zeiss, Axiovert 25, Göttingen, 

Germany) 24 hours after incubation and follow-up cultures were further 

observed until day 17 – when possible. The sprayed and conventionally 

pipetted cells were analyzed and compared concerning the morphologic 

appearance, adhesion and migration behavior. Also, cell spreading, and 

cell density were investigated for each cell type. Reaching 70% to 80% 

of confluence in one of the compared Petri dishes, defined the endpoint 

of experimental trials. Cell and culture morphology were documented by 

representative photographs using a Zeiss Axiovert 200M equipped with 

a QImaging Retiga 2000R (QImaging, Burnaby, Canada), and the 

software Image-Pro Plus 6.2 (Media Cybernetics Inc., Silver Spring, 

MD). 

 

Single immunofluorescence / double immunofluorescence 

 

Following routine cell isolation, HEKs and MCs were seeded in passage 

0° on collagen I coated 8-well chamber slides (Nunc Lab-Tek Chamber 

Slide system, Sigma-Aldrich, St. Louis, MO) for single and double-

immunofluorescence experiments. For monocultures, the appropriate 

medium was used for HEKs, i.e., EPILIFE, and for MCs, i.e., M254 

medium. In the double-immunofluorescence setups, however, only 

M254 medium was used. The reason for this media selection is that both 

HEKs and MCs tolerated M254 during pre-experiments, but the 

successful cultivation of MCs was not possible in EPILIFE (data not 

shown). When the cells reached 70% to 80% confluence, we took off the 

chamber and cleaned the slides with PBS (PBS; PAA Laboratories, 

Cöelbe, Germany) containing Tween-20 (Sigma-Aldrich, Taufkirchen, 

Germany). Cells were fixed with 2% paraformaldehyde for 10 min at RT 

and permeabilized using 80% dry ice-Methanol at -20°C for additional 

20 min. The following steps were performed at RT: The fixed cells were 

treated with a blocking buffer (Sigma-Aldrich, Taufkirchen, Germany) 

for 60 min. Afterward, antibodies were applied as follows: Primary 

antibodies for MCs were undiluted monoclonal anti-human melanoma 

antibody clone NKI/beteb raised in mouse (SANBIO Deutschland 

GmbH, Beutelsbach, Germany). Polyclonal anti-human cytokeratin 14 

(CK14) raised in rabbit (dianova GmbH, Hamburg, Germany) were the 

primary antibodies for HEK staining with a dilution of 1:200. We further 

chose the following secondary antibodies for our study. The Alexa Fluor 

highly cross-adsorbed 488 nm goat/anti-mouse IgG Kit (Invitrogen 

GmbH, Karlsruhe, Germany) in a dilution of 1:1000, as binding partner 

with NKI/beteb for staining MCs, and the Alexa Fluor highly cross-

adsorbed 594 nm goat/anti-rabbit IgG Kit (Invitrogen GmbH, Karlsruhe, 

Germany) in a dilution of 1:1000, as binding partner for CK14 for 

staining HEKs. All antibodies were incubated for one hr. The nucleus 

was stained with undiluted 4',6-Diamidino-2-phenylindole 

dihydrochloride (DAPI, Sigma-Aldrich, St. Louis, MO) for 20 min. 

Optionally, the cell slides were mounted with Aqua Poly/Mount 

(Polysciences, Inc., Warrington, PA) and sealed with nail polish. 

 

Clinical case report 

 

Photos of one clinical case treatment from one Afro-American patient 

with dark skin pigmentation are reported in (Figure 10), where the cell 

isolation method described here was clinically used to obtain an 

autologous skin cell preparation for immediate on-site cell spray-

grafting (first cell suspension, passage 0°). This study was performed in 

Berlin, Germany, after the patient experienced a gas explosion trauma, 

within the regulatory framework of an Innovative Practice approach. 

Figure 10a shows the severe second-degree wound areas on day 11 in 

the face, post debridement, while the skin cell spraying is performed. 

The photo also reveals areas in the neck that represented third-degree 

burns, which were treated with split skin grafting, but where the cell graft 

was additionally sprayed into the gaps between the mesh. Information 

on the cell isolation and the clinical procedure is given in [7, 8, 14, 15] 
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Statistics 

 

Data are expressed as mean values and standard deviation (SD). Cell 

counting of each sample was performed three times using a Neubauer 

counting chamber and was averaged to improve accuracy. Due to small 

sample sizes, a normality-distribution of data could be not assumed, and 

as a consequence, a non-parametric test was used. The groups were 

compared performing the unpaired Mann-Whitney-U-Test. Significance 

was defined by p ≤ 0.05. Morphology evaluation and culture appearance, 

as well as culture behavior, were descriptive. The expression of analyzed 

antibody markers was compared semi-qualitatively. 

 

Results 

 

Morphology assessment 

 

While time to reach 70% to 80% confluence averaged from 3 to 5 days, 

variations were observed from cells isolated from different donors (data 

not shown). Also, cell counts after isolation exhibited differences among 

the n=8 donor biopsies dependent on donor medical history (data not 

shown). The ratio of HEKs : MCs in our primary cultures were 

microscopically counted (n=8) as mean +/- SD 1,211,000 (+/- 574,343) 

HEK : 99,625 (+/- 59,025) MC; i.e., a ratio of approx. 12 : 1. The HEK 

follow-up monocultures exhibited its typical cobble-stone pattern with a 

homogenous appearance in culture (see Figure. 2C). The MC 

monocultures exhibited its typical multi-dendritic form with 

incorporated granule (including mature melanosomes), homogenous in 

appearance, during culture (see Figure 2F). Moreover, culture spreading 

of both cell types was normal; no delay or stagnation could be detected. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Immunostaining: monoculture of sprayed HEKs and MCs. A: 

Blank Staining HEKs (50x); B: Negative Control HEKs (50x); C: 

Positive Control HEKs (CK14+; 200x); D: Control (blank) Staining MCs 

(50x); E: Negative Control MCs (50x); F: Positive Control MCs 

(NKI/beteb+; 200x). The bar added indicates magnification. 

 

Immunofluorescence for monoculture 

 

The color patterns of immunofluorescence staining (n=8) of sprayed and 

conventionally pipetted cells exhibited no remarkable differences 

(Figure 2). Monocultures of MCs and HEKs showed expected 

immunofluorescence signals concerning the specific antibodies applied. 

No cross staining was observed for NKI/beteb and K14+ antibodies 

showing specific staining for MCs and HEKs, respectively (Figures 2 A, 

B, D, E). Throughout the power fields investigated, red stained CK14+ 

HEKs could be observed, specified by respective blue DAPI staining of 

nuclei exhibiting the typical cobblestone pattern with homogeneous 

appearance (Figure 2C). Green stained NKI/beteb+ MCs could be 

observed where specific antibody attaches to intracellular melanosomes 

of an inner granule. The green stained MC monocultures exhibited the 

typical pattern of dendricity with homogenous appearance. The number 

of double-immunofluorescence stainings performed for freshly isolated 

HEKs and MCs of passage 0° was n=8. Red stained HEKs (CK14+) with 

interacting green stained MCs (NKI/beteb+) demonstrated under routine 

microscopy with different magnification effective co-culture for both 

conventionally pipetted and sprayed setups. Thereby, HEKs also 

exhibited its typical cobblestone pattern, and the MCs displayed multi-

dendritic appearance. Figure 3A shows confluent co-culture at 50x 

magnification. In the left field, scattered green NKI/beteb+ stained MCs 

show red stained CK14+ HEKs intermittent. This figure reflects the in 

vivo situation in the healthy epidermal skin, namely 35 - 40 HEKs are 

supported by one MC [Eisinger and Marko, 1982] [21]. At 100x 

magnification, the specific dendricity of an MC connected to different 

HEKs was demonstrated; see white arrowheads in (Figure 3B). At a 

magnification of 200x, mitosis state of vital HEKs as well as for MCs 

could be observed; see white arrowheads in (Figure 3C).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Double immunofluorescence of sprayed HEKs / MCs 

suspension (representative power fields). A: 50x magnification of 80% 

confluent co-culture chamber slide of passage 0°, arrowhead indicates 

one MC cell surrounded completely by confluent HEKs; B: 100x 

magnification of a pre-confluent chamber slide of passage 0°, showing 

in vitro distribution of HEKs / MCs, one MC showing morphologic 

dendrites is indicated by an arrowhead, the granulation is shown by the 

green spotted pattern within the cell; C: 200x magnification, evident 

mitosis in MC cell (on the left) and HEK cell (on the right), mere blue 

spots indicate non-characterized cells; D: 400x magnification, detailed 

photo for MC and HEK interplay, the green spotted granulation pattern 

is highlighted by arrowheads. 

 

Both cell types stuck in telophase. Figure 3D shows a single MC with 

surrounding confluent HEKs. Specifically, within the MC the typical 

granule pattern stained by green fluorescence is visible see white 

arrowheads in (Figure 3D). During the microscopic investigation, 

differences could be observed for the ratios of HEKs to MCs dependent 

on the biopsies from the isolated cells. 

 

Glucose / lactate / LDH measurements 

 

Cultured HEKs and MCs showed a similar glucose consumption pattern 

with no significant differences between sprayed and pipetted method 

(Figure 4 & 5). However, HEKs showed a higher glucose consumption 
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rate where almost 75% of glucose was depleted after ten days while MCs 

only used 25% of the glucose in 17 days. The results suggest that HEKs 

have a higher expansion rate and metabolic activity compared to MCs. 

LDH liberation showed that the spray method did not inflict damage 

compared to pipetted cells, as cultured HEKs and MCs showed no 

significant differences between the two delivery methods (Figure 6 & 7). 

Feasibility of combined HEK-MC cell isolation for an anticipated intra-

operative clinical cell spray application was assessed in vitro. As initial 

preliminary co-culture experiments of MCs and HEKs in EPILIFE 

medium and M254 medium showed after the first split to passage 1°, the 

MC cultured well in M254 but did not survive in EPILIFE medium; we 

showed only co-culture results obtained in the M254 medium. The 

metabolic activity showed a similar trend when comparing pipetted and 

sprayed methods (Figure 8). We only detected one exception with the 

lactate production of sprayed cells after 21 days with a value too low in 

comparison with the corresponding high glucose consumption. LDH 

liberation showed a similar trend between pipetted and sprayed cells 

(Figure 9), As a LDH liberation as a result of a damage occurs 

immediately after damage, the 21 day values are giving only an indirect 

information in regard to the LDH liberation behavior of the surviving 

cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Available glucose in medium (mg/dl) status of conventionally 

pipetted and sprayed HEKs in direct comparison over ten days 

investigation (n=8). No statistically significant differences could be 

revealed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Available glucose in medium (mg/dl) of conventionally 

pipetted and sprayed MCs in direct comparison over 17 days 

investigation (n=8). No statistically significant differences could be 

revealed.  

 

Case reports of patients in which the cell isolation method was clinically 

used under an innovative practice approach were already given 

previously, and we here present anecdotal photo documentation from an 

Afro-American patient with dark skin coloration [7, 8, 14, 15]. 

Satisfying results of this one patient with dark skin pigmentation 

suffering severe second-degree gas explosion burns are shown in (Figure 

10). Figure 10a shows the patient’s face after wound debridement on day 

11, during cell spray-grafting treatment of the second-degree areas on 

the face, while third-degree areas on the neck treated with mesh-grafting 

were also sprayed additionally into the open mesh areas with the cell 

spray-graft. Figure 10b indicates a satisfying re-pigmentation of the 

resulting wounds seven weeks post-treatment. The visible scar formation 

occurred in areas where mesh-grafting was performed additionally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: LDH liberation of conventionally pipetted and sprayed MCs 

in direct comparison over ten days investigation (n=8). No significant 

differences could be revealed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: LDH liberation of conventionally pipetted and sprayed MCs 

in direct comparison over 17 days investigation (n=8). No significant 

differences could be revealed.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Glucose (bluish) and lactate status (greenish) available in a 

culture medium of conventionally pipetted and sprayed HEKs / MCs co-

cultures of passage 0° (n=1); the bars represent different days of culture 

time (5 to 21 days).  
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Figure 9:  LDH liberation of conventionally pipetted and sprayed HEKs 

/ MCs co-cultures of passage 0° (n=1); the bars represent different days 

of culture time (5 to 21 days).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Case results from an Afro-American patient with dark skin 

coloration, where the autologous skin cell isolation method for 

immediate spray grafting (passage 0°, primary cells) was clinically used 

in an innovative practice approach. FIG. 10a shows the patients face after 

wound debridement of a second-degree gas explosion burn during cell 

spray-grafting treatment of the second-degree areas in the face (the cell 

spray device shown in Figure 1 is visible), while third-degree burn areas 

on the neck were treated with mesh-grafting, but where the cell 

suspension spray-graft was also sprayed additionally into the open mesh 

areas. Figure 10b indicates a satisfying re-pigmentation of the resulting 

wound in the face and the neck seven weeks post healing. The visible 

scar formation occurred in areas where mesh-grafting was performed. 

 

Discussion 

 

During development, MCs derive from precursor stem cells, i.e., 

melanoblasts, situated in the neural crest [13]. In healthy skin, the brown 

pigment melanin is produced in MCs within the basal layer of the 

epidermis, deposited to melanosomes and finally transferred to the HEK 

via elongated dendrites. The melanin biosynthesis, also known as 

melanogenesis, takes place in the membrane-bound melanosomes of 

MCs and the relationship between MCs and HEKs is commonly referred 

to as the “epidermal melanin unit” (EMU), and the thought is that one 

MC is in contact with approx. 40 HEKs [21]. Accordingly, the functional 

interplay between MCs and HEKs is vital for developing and 

maintaining the appearance of the skin [1]. In addition to cosmetic 

aspects, melanin protects against ultraviolet radiation and is thus part of 

the body’s defensive system against external factors [1, 22]. Besides the 

conventional split-skin or meshed split-skin grafting, innovative clinical 

approaches are available, including autologous skin cell therapy with 

cultured cell sheets or single cultured cells for spray grafting [23-25]. 

Cultured sheets did not demonstrate a provision of MC, as the basal 

membrane-associated progenitors differentiate in culture expansion and 

passaged cells mainly provide adult keratinocytes [26]. Reconstructing 

the removed hypopigmented skin areas with either co-cultured 

autologous HEK-MC sheets (CEA) or with non-cultured HEK-MC 

transplantation was a therapeutic attempt for vitiligo; while costly this 

method was not fully satisfactory [3, 4, 25, 27-32]. Autologous non-

cultured HEK-MC cell suspensions have been described in the clinical 

application for treatment of depigmented skin after burn trauma, but the 

outcomes varied [33]. 

 

We assessed the suitability of freshly isolated HEK and MC skin cells 

for immediate spray application, which was isolated according to a 

previously developed method [7, 14, 15, 32]. Our in vitro study 

compared mono- and co-cultures of passage 0° and follow-up cultures, 

to mimic combined cell isolation and spray application for intended 

clinical burn therapy. Considering the indirect means of biochemical 

data of glucose consumption, lactate production, and LDH liberation, 

morphologic phenotype, and proliferation data indicate that MCs can be 

transferred by spray deposition and behave in the follow-up co-cultures 

comparably to monocultures. Epidermal skin cells of n=8 different donor 

biopsies adhered well proliferated without any deceleration in time, and 

colonies were formed homogenously for HEKs and MCs in both, 

controls with conventionally pipetted cells and spray-deposited cells. 

Epidermal skin cells’ morphology was comparable in each case, and no 

impact by the spray procedure could be determined. Monocultures of 

HEKs and MCs derived from the same biopsies provided feasibility 

information for MC isolation and application. 

 

We observed statistically not significant differences in the amount of 

granule depending on donor and on the biopsy location (data not shown). 

However, a clinical outcome of MC grafting likely also depends on 

individual patient disposition [16]. Although the HEK : MC ratio 

remains relatively constant among ethnic groups, the degree of skin 

pigmentation correlates with the degree of granulation, presenting 

melanin MCs located in the skin and the corresponding degree of the 

granule, that also depends on the body area location and sun exposure  

[22, 34, 35]. As a general strategy for achieving a desirable melanocyte 

density for desirable pigmentation with a graft, differences in 

melanocyte density of donor sites and the wound area to be treated 

should be considered beforehand. Since an individual prediction in skin 

color reflection of a graft appears problematic, a prediction of MC 

grafting outcome on final skin coloration may prove too complex. 

Constitutive skin pigmentation depends on so many factors, e.g., the 

melanin amount produced by MCs, its distribution, and to a lesser extent 

on MC density that such an approach might not be feasible [36, 37]. 
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Our cell isolation characterization and primary cultures results showed a 

ratio of HEKs : MCs of approximately 12 : 1. As Todd et al., described 

ratios of HEKs to MCs in normal human of 35 : 1, and, e.g., Eisinger and 

Marko of 11 : 1 or Yamaguchi et al. of 10 : 1, we concluded that the 

method employed is suitable as an isolation method that provided both 

cell populations approximating the physiological ratio [21, 38, 39]. 

Moreover, our results demonstrate that skin cell isolation for obtaining 

mixed skin cell suspensions of vital and proliferating epidermal MCs 

together with HEKs is feasible; both cell types can be isolated without 

measurable impact on cell culture behavior. After experimental 

spraying, viable, proliferating and microscopically interacting HEKs and 

MCs were shown in passage 0° and follow-up cultures up to passage 4°. 

Using immunofluorescence, sprayed HEKs were distinguishable, and 

MCs attached in vitro showed a finely granulated cytoplasm. 

Biochemical parameter of sprayed skin cells and conventionally pipetted 

control cultures behaved as expected regarding glucose consumption and 

lactate metabolism as well as LDH liberation. Accordingly, no 

significant differences for biochemical parameter could be observed 

among the pipetted and sprayed cells (n=8). 

 

Results from clinical use of the active cell isolation method in one case 

of an Afro-American patient with dark skin coloration suffering severe 

second-degree burns and performed under an innovative practice 

approach, support our work. Figure 10 indicates a satisfying re-

pigmentation of the resulting wound seven weeks post application. The 

results obtained from this single case can only give anecdotal data and is 

not sufficient for conclusions on a clinical outcome. Nevertheless, our in 

vitro results could be of interest for planning such a multi-center clinical 

study, involving autologous melanocytes in freshly isolated autologous 

skin cell suspensions for an on-site cell spray grafting in the same session 

as the wound debridement.  

 

Using MCs in spray-graft suspensions could represent a promising 

approach for treating severe partial-thickness burns and innovative 

therapy developments that also aim to address cosmetic aspects. 
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