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ABSTRACT 

This paper sets out to demonstrate that scraping 
of the flat dorsal surface of human dermis with a 
scalpel blade and cell plating without centrifu- 
gation can lead to the recognition and identifi- 
cation of the individual packing micro pattern of 
dermal reticular fibroblasts at confluence. The 
characteristic alignment of papillary and reticu- 
lar fibroblasts at right angles to each other led to 
the positive identification of reticular fibroblasts. 
A non-enzymatic means of sub-culturing (pas- 
saging), which yields fully functional, healthy 
cells with normal, phenotypic morphology is 
also described. Implications for published sub- 
cutaneous wound healing studies are discussed 
as well as the confluent reticular fibroblast con- 
figuration, interpreted as an anatomic site iden- 
tity code, which may be the address of a specific 
fibroblast gene pattern expression. 
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1. INTRODUCTION 

Tissue culture techniques have been traditionally used 
for garnering yields of dermal fibroblasts. Routine me- 
thodology employs enzymatic digestion to isolate cells 
followed by centrifugation to obtain a cell pellet which is 
re-suspended before cell plating and incubated to obtain 
a primary cell culture. Additional enzymatic digestions 
are used for passaging (sub-culturing) as a means of ex- 
panding fibroblast cell lines. Classic cell culture using 
skin tissue explants does not involve enzyme use but 

offers no insight into in situ cellular architecture, just the 
morphology of the cell spread in a loose, unguided semi- 
circular array in vitro. Within the context of this paper, 
all previously published experimental studies done with 
human dermal fibroblasts using cultured cell lines or 
cloned cell lines will be discarded. 

The focus on dermal fibroblasts has heightened in the 
last thirty years with the onset of cultured skin substitutes 
and in wound healing studies for tissue repair and regen- 
eration. However, the majority of past publications offer 
little in terms of the delineation between papillary and 
reticular fibroblasts and even authors of review papers 
have used the term “fibroblast” in a generic sense [1] as 
did authors of mathematical modelling during dermal 
wound healing [2], even though there had been earlier 
published reports of fibroblast heterogeneity and popula- 
tion subsets [3,4]. None of the above has offered any 
insight into possible micro patterns which may be resi- 
dent in dermal tissue or the means to regenerate them. 

Researchers have not realised that cell culture tech- 
niques can be used to gain an insight into in situ cellular 
architecture [5] from initial primary cell isolates. Human 
dermal fibroblasts have been isolated by various enzy- 
matic digestions [6,7] of minced dermis (followed by 
centrifugation, re-suspension of the cell pellet, then plat- 
ing of cells) or by classic tissue explant experiments [8] 
the latter authors seeking to distinguish between the two 
types of dermal fibroblasts. 

No author in the published literature has sought to 
question the time it takes from the acquisition of skin 
tissue segments to the confluence of the first primary 
fibroblast isolate. Enzymatic digestion of the epidermis 
takes hours to be followed by the setting up of tissue 
explant experiments. More time is lost awaiting the 
spread of cells from the (now) dermal tissue. Some re- 
searchers have used a second enzyme digestion to isolate 
fibroblasts in an attempt to speed up the process obtain- 
ing a mixed yield of papillary and reticular fibroblasts 
[9].  
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Figure 6 in Schönherr et al. (1993) [10] shows the 
morphological differences between papillary and reticu- 
lar dermal fibroblasts from adult skin. However, these 
fibroblasts were donated (no stated isolation protocol), 
cultured with 10% foetal calf serum and used between P9 - 
P17; hence the morphology of the pictured fibroblasts 
may be questionable. Commercial sources vary in their 
dermal fibroblast cell culture techniques as do manufac- 
turers of cultured skin substitutes. The use of autologous 
fibroblasts as a dermal filler is now a viable clinical 
proposition [11]. It is of paramount importance that those 
fibroblasts are harvested with a safe, standard, assured 
cell culture technique (see later comment under Discus- 
sion). 

2. MATERIALS AND METHODS 

Cell culture materials including dishes and flasks were 
obtained as previously described [12]. A Nikon phase 
contrast microscope was used throughout these studies. 

2.1. Cell Culture Technique 

Fresh skin tissue obtained from the operating theatre 
was trimmed of subcutaneous fat and prepared for Dis- 
pase digestion within an hour of receipt. After digestion 
and stripping off the epidermis with a pair of forceps, the 
dermal tissue segment was rinsed in complete culture 
medium (Medium 199 or Iscove’s Modified Dulbecco’s 
Medium (IMDM)) containing 20% foetal bovine serum 
(FBS), penicillin 100 U/ml., streptomycin 100 µg/ml. 
and 2 ul. of solubilized Amphotericin B. The scalpel 
blade after each scraping along the full length of the 
dermal segment (n = 5) was swirled into 5 ml. of culture 
medium (contained in a standing, open 25 ml. centrifuge 
tube) to shake off cellular matter. Finally, the centrifuge 
tube was capped and manually swirled and left to stand 
for 10 minutes. 2 ml. were pipetted out from the top and 
layered carefully into a pre-warmed plastic petri dish 
containing 5 ml. of complete culture medium and imme- 
diately transferred to an incubator at 37˚C (5% CO2/95% 
O2). The remaining 3ml. bottom contents of the centri- 
fuge tube were treated likewise. Plastic was used a sub- 
strate because fibroblasts adhere rather quickly and since 
they secrete their own growth factor(s) (bFGF) and an 
extracellular matrix (ECM), no other supplements were 
deemed necessary. 

After 8 - 12 hours, the medium was pipetted off, rins- 
ing the cell layer with Dulbecco’s phosphate buffered 
saline (DPBS) (pH 7.4) followed and a new aliquot of 
complete culture medium (with no Amphotericin B) was 
added. After every 2 - 3 days, the culture medium was 
changed. To state the obvious: since the fibroblasts are 
secreting their own growth factor(s), a relaxed period of 
2 - 3 days was privately thought to be more advanta- 

geous to the growing cells. Confluence was routinely 
obtained in 9 - 10 days without enzyme use and cen- 
trifugation. 

2.2. Sub-Culturing with a Non-Enzymatic  
Technique 

The fibroblast layer at confluence could be retracted 
using 5 mM EDTA/DPBS (pH 7.4), leaving behind a 
wholly intact fibroblast extracellular matrix (ECM) 
which can be safely stored with a layered aliquot of 5 
mM EDTA/DPBS overnight [12,13] in the incubator, if 
other cell experiments are envisaged. If 2 - 3 times the 
volume of complete culture medium were added (to neu- 
tralise the EDTA), the retracted layer (not broken into 
single cells but into small cell clusters) could be trans- 
ferred to a T-75 flask and left overnight in the incubator 
for the cells to adhere at their own pace. In the morning, 
all medium was quickly pipetted out and about 8 ml. of 
DPBS were used to rinse the attached cells, before feed- 
ing with complete culture medium. Obtaining the 9 - 10 
day period to confluence again and normal phenotypic 
morphology without any cell debris proved that the fi- 
broblasts were unaffected by the 5 mM EDTA/DPBS 
treatment. 

2 mM EDTA (Ethylene diamine tetra-acetic acid) was 
used by Rosen and Culp (1977) [14] and later by Kramer 
et al. (1980) [15] to induce the detachment of a mono- 
layer of calf bovine aortic endothelial cells from the sub- 
endothelial ECM leaving behind an intact ECM. Over 
the years, it has become accepted as a non-enzymatic 
method of detaching a wide variety of primary and sec- 
ondary cells from pre-treated substrates, plastic tissue 
culture substrates, biopolymer surfaces/scaffolds and 
both hydrophobic and hydrophilic substrates. It is em- 
ployed when dissolved in DPBS (pH 7.4). Integrin inter- 
action with ECM proteins is dependent on the presence 
of bivalent cations which EDTA chelate thereby induc- 
ing cell detachment (Li et al. 2005) [16]. The detached 
cells can be reseeded and will grow to confluence in an 
unaffected manner with normal phenotypic morphology. 
However, unlike with trypsin/EDTA digestion, cell counts 
are difficult because the cells will not detach as single 
cells, but as small cell clusters. 

3. RESULTS AND DISCUSSION 

Figure 1 shows dermal fibroblasts within 8 - 12 hours 
of cell seeding. 

Figure 2 shows a sub-confluent layer of dermal fibro- 
blasts. The pink bodies were the result of testing for mi- 
crovascular endothelial cells using the diacetylated low 
density lipoprotein (Di-Ac-LDL) label [17]. None were 
found under fluorescence microscopy, using a Nikon 
Diaphot phase contrast microscope equipped with a re- 
flected light fluorescence system.  
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Figure 1. Within hours of initial cell plating, dermal fibroblasts 
can be observed. Floating basal layer keratinocytes and tissue 
debris can be seen; these do not adhere and are removed during 
the first culture medium change. Magnification: ×100. 
 

 

Figure 2. A subconfluent layer of reticular fibroblasts. The pink 
bodies seen are a result of using the Di-Ac-LDL label [17] to 
determine if there were any microvascular endothelial cells 
present. None were found using fluorescence microscopy. Mag- 
nification: ×100. 
 

Figures 3 and 4 are two different views of a confluent 
layer of dermal reticular fibroblasts showing their signa- 
ture micro pattern with a side-on packing alignment (ob- 
tained from the lower 3 ml.). The confluent layer seemed 
to grow from a base tapering on both sides upwards  

 

Figure 3. Dermal reticular fibroblasts at confluence. Their side- 
on signature packing alignment at an angled vertical is clearly 
visible. Magnification: ×100. 
 

 

Figure 4. Another view of dermal reticular fibroblasts at con- 
fluence. Magnification: ×100. 
 
reminiscent of the broad base of a tree tapering upwards 
on both sides to its trunk (sadly, not photographed). Ad- 
mittedly, there might have been a minute percentage of 
papillary fibroblasts obtained from the first scraping 
(~0.3 mm down; the reticular dermis is a further 0.7 mm 
deeper) [3], which may have settled down to the bottom 
of the centrifuge tube. Fibroblasts and population subsets 
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of fibroblasts lack specific cell markers. It is unknown 
what secretory contribution or influence on, the final 
packing configuration was derived from papillary fibro- 
blasts, if they were present at all.  

Sutherland et al. (2005) [18] published one of the few 
papers which employed a non-enzymatic method of der- 
mal tissue maceration to isolate fibroblasts. They did not 
realise that they were conducting a co-culture of pap- 
illary and reticular fibroblasts. Their culture medium was 
simply, 25 mM Hepes-buffered Hams F10 supplemented 
with 20% foetal calf serum, 100 units/ml. penicillin and 
100 μg/ml. streptomycin. They did not make particular 
mention of the fibroblast ECM and did not name the en- 
zyme used for sub-culture. The ECM secreted by the 
cultured fibroblasts at confluence would have completely 
overlaid the Dow Corning flask plastic substrate they 
used to seed their cells on initially, and would directly 
determine the fibroblast configurations at confluence 
[19]. Hence, their monolayer at confluence (their Figure 
1C [18]) shows two populations of dermal fibroblasts 
aligned at right angles to one another. Nevertheless, a 
simple deduction can be made, taking my own Figures 3 
and 4 into consideration. Their vertically aligned subset 
of fibroblasts is being identified as reticular fibroblasts 
while their horizontally aligned fibroblasts as papillary 
fibroblasts. 

Unlike their methodology, which took 6 weeks to ob- 
tain a confluent monolayer from macerated dermal tissue, 
the technique described herein can be easily done within 
9 - 10 days. A shortened period to confluence can be at- 
tained if scrapings from several segments of autologous 
dermal tissue are pooled, prior to cell plating. In other 
words, a high density cell seeding will be executed. This 
is of particular importance when a cell culture of papil- 
lary fibroblasts is desired. The author found that a single 
scraping with the scalpel blade did not yield sufficient 
cellular matter to successfully proceed from the top 2 ml. 
aliquot. The conclusion reached was that some unknown 
threshold quantity of cells was required as the papillary 
fibroblasts take longer to attach compared to the reticular 
fibroblasts (substantially obtained from 4 strokes of the 
scalpel blade) using my bare bones cell culture tech- 
nique. 

3.1. Comments on Published Wound  
Healing Cell Culture Studies 

The cell culture methodology described herein has 
implications for wound healing studies. Plucking just 
three publications out of the published literature [20-22] 
leads to the realization that conclusions drawn from 
wound healing studies using fibroblast preparations from 
minced dermis using a standardized protocol, takes hours 
(even overnight) of manipulation and involves upturning 

flasks, prior to cell plating using Gentamycin (see [5] for 
critical comment), may be faulty due to the use of now 
outdated methodology. Brem et al. 2008 [20] ascribe 
their experimental platform to published material by 
other authors [21,22] which can be now updated. Scrap- 
ings from chronic wounds need to be re-examined; the 
authors claim they are maintaining the in vivo phenotype 
from primary cultures of fibroblasts grown from chronic 
ulcers. This is fanciful. The scrapings should have been 
shaken off with a gentle swirl into an aliquot of pre- 
warmed complete culture medium containing penicillin 
100 U/ml., streptomycin 100 µg/ml. and a hint of solubi- 
lized Amphotericin B (2 ul.) contained in a plastic petri 
dish and immediately incubated at 37˚C. If no cells had 
attached after 1 - 2 days, I would have verified there was 
no contamination and simply “topped up” with an aliquot 
of pre-warmed complete culture medium to replace eva- 
poration loss and left the petri dish untouched in the in-
cubator for another 1 - 2 days. There is nothing testing 
and challenging as the authors contend. The same means 
can be used for scrapings from venous, pressure and 
diabetic foot ulcers. It is questionable whether the cellu- 
lar photomicrographs of “Location A and Location C” 
fibroblasts (their Figure 1 [20]) do show the “phenotype 
of normal healthy fibroblasts” as the authors have stated. 
They also did not test for microvascular endothelial cells, 
as in Figure 2 in this paper. 

What is of particular worry is that some trypsinized 
fibroblasts are being stored in an American national cell 
repository for distribution to other researchers [20]. 
Trypsin digestion was done, by rinsing with Puck’s sa-
line/EDTA followed by Puck’s saline/Trypsin/EDTA. 
The authors seemed blissfully unaware that overuse of 
EDTA, a chelating agent, could affect cellular physiology 
having a direct effect on resultant cellular morphology 
[23]. Fine details matter a great deal in cell culture. 

Researchers are advised to check the pedigree of their 
human dermal fibroblasts before use. Enzymatic diges- 
tions of the epidermis are being done with various en- 
zymes and at various temperatures, e.g. 4˚C: Sorrell et al. 
(2006) [24]; 12˚C: Normand and Karasek (1995) [6]; 
37˚C: Solomon (2002) [12]. Also different enzymes are 
being used to digest the dermis as a shortcut to obtaining 
a mixed population of papillary and reticular fibroblasts. 
Consideration also needs to be given to flask coatings. In 
the author’s opinion, plastic substrates of flasks and petri 
dishes are quite sufficient. Techniques do need to be be- 
come standardized. 

Clark 1996 [25] has opined that subcutaneous tissue 
regeneration needs proper cell orientation and migrational 
cues as cellular populations change at different phases of 
wound healing [26]. The importance of cellular micro 
patterns was unknown in the 1990s. In vitro cell studies 
are of particular importance, if correctly conducted, to 
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understand the basic behaviour and science of cells be- 
fore contemplating experimental animal studies. The sig- 
nature packing morphology of dermal reticular fibro- 
blasts presents an experimental platform even while sub- 
confluent (Figure 2). Various sample populations of age- 
matched mesenchymal stem cells could be introduced to 
assess a threshold quantity and what cellular effect, if any, 
they would exert, having prior knowledge of the ex- 
pected morphology of the confluent monolayer [see 27]. 

3.2. Anatomic Site Identity Code 

A question that can be put forward for consideration is 
whether my reference to a ‘cellular micro pattern’, here 
and elsewhere [5], is actually a reflection of anatomic 
positional identity with dermal reticular fibroblasts in 
this instance, adopting a specific cellular packing arran- 
gement, indicative of some sort of site identity code for 
dermal tissue only, which is recognized as a unique tissue 
pattern within the functioning human body and leads to 
specific fibroblast gene pattern expression in the reticular 
dermis and nowhere else [28]. Specific fibroblast gene 
pattern expressions have been described for papillary and 
reticular fibroblasts [29]. This reasoning could explain 
why the papillary fibroblasts are aligned with another 
cellular arrangement at right angles (a different dermal 
tissue site identity code) to the reticular fibroblasts in the 
human dermis. 

The use of an autologous skin graft (split- or full- 
thickness) does represent the site transfer of a specific 
fibroblast gene pattern from the donor site to the recipi-
ent site. No consideration has been given to this fact 
which might provide one of the reasons why on certain 
occasions, the graft refuses to “take”. For the use of 
autologous fibroblasts as a dermal filler to cosmetically 
repair skin defects, a published report speaks of using 
proprietary techniques, hence no described protocol for 
the expansion of fibroblast cell lines [30]. There is no 
long term evidence of the safety of this procedure [11]. 
Two questions arise. Firstly, would it be clinically ad- 
vantageous to use a primary cell mixture of papillary and 
reticular dermal fibroblasts isolated and passaged (sub- 
cultured) non-enzymatically as is described in this paper? 
The second question is whether this is at all a safe pro- 
cedure in the long term, given the site transfer of specific 
fibroblast gene pattern expressions (if both papillary and 
reticular fibroblasts are employed). 

3.3. Future Studies 

Normal skin cells are not exposed to serum factors 
generated by wounding but are bathed in a plasma filtrate 
[31]. It would be of interest to repeat the fibroblast cell 
culture described herein with both autologous plasma 
and serum from a patient to determine whether the same 

side-on confluent packing arrangement constituting the 
signature micro pattern would persist. Further scraping, 
deeper within the dermis with five-stroke increments 
using the scalpel blade should reveal population subsets 
of dermal fibroblasts [32]. Researchers must remember 
to test for the presence of microvascular endothelial cells. 

4. CONCLUSION 

The cellular micro pattern organization of the un-ma- 
nipulated reticular fibroblasts at confluence is really 
striking and they appear to be absolutely natural and 
healthy in their microenvironment. The presence of mi- 
crovascular endothelial cells was tested, but found to be 
absent.  

From past published material [18], it was known that 
in cell culture, populations of papillary and reticular der- 
mal fibroblasts are aligned at right angles to each other. 
Therefore, the confluent configuration of dermal fibro- 
blasts displaying a signature micro pattern at an angled 
vertical was identified as reticular fibroblasts, since dif-
ferent populations of dermal fibroblasts lack specific cell 
markers. Whether this insight can be extrapolated to the 
in situ dermal cellular configuration is a tantalising ques-
tion, which should be further explored.  

A library of aging cellular profiles can now be prop- 
erly constructed in an orderly, stepwise fashion from 
infancy to old age for both the human epidermis [5] and 
the dermis, if the relevant fresh skin tissue segments 
were obtained (compare [33]). 

Footnote: Taken from a granted 2011 UK patent to the 
author [34]. 

An intact speck of epidermis remained un-noticed af- 
ter stripping off the epidermis following Dispase diges- 
tion. The dermis was scraped five times with a scalpel 
blade. Prior to anchoring the dermal tissue in setting up a 
classic explant cell culture, the area around the final an- 
chorage site in the plastic petri dish was gently swabbed 
with scraped surface of the tissue segment. “There was 
an outgrowth of two distinct morphological types of 
dermal fibroblasts. Dermal fibroblasts with cell-cell in- 
terlinking ‘tubular connectors’ organized first. This type 
of fibroblast is observed only in explant cultures of der-
mal skin tissue. The other type of dermal fibroblast, the 
more common morphologic type observed in primary 
cultures, subcultures and after enzyme digestions, con- 
sisted of a ‘master’ fibroblast with a thin lengthy ‘pro- 
boscis’ to which other fibroblasts with a much shorter 
proboscis connected almost at right angles (Figure 1)”. 
(Only the mid-section of the skin tissue segment was 
scraped). 
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