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ENHANCEMENT OF DERMAL FIBROBLAST ISOLATION METHOD
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ABSTRACT

Cultivated fibroblasts have been widely used in a large
number of in vitro studies. Although they readily proliferate
under cell culture conditions, improvements in methods for
their isolation are necessary. Here, we present our modified
enzyme digestion method and compare its efficiency with
commonly used techniques.

Three foreskin samples from young, middle-aged and old
donors were used. The classical explant, standard enzyme
digestion method with collagenase and our improved enzyme
digestion method were compared for efficiency of fibroblast
isolation and the time needed to achieve 95% confluence in
a 30-mm Petri dish.

The explant method was the slowest to achieve fibro-
blast confluence, especially with the tissues from the older
donors (up to 23 days). With the standard enzyme digestion
method, the skin tissue was partially digested, but the fibro-
blasts reached confluence much faster (the younger donor
cells needed approximately 7 days to reach confluence). Our
modified “mixed” enzyme digestion method was the fastest
(the fibroblasts from the younger donors needed up to 5 days
to reach confluence).

For studies requiring the primary isolation and cultiva-
tion of dermal fibroblasts, the best method to achieve this
goal is the tissue digestion method with the multiple enzyme
solution.
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SAZETAK

Kultivisani fibroblasti se cesto upotrebaljavaju u brojnim
»in vitro® studijama. lako oni relativno lako proliferisu u uslo-
vima Celijskih kultura, standarne metode primarne izolacija
fibroblasta nisu dovoljno efikasne. U ovom radu mi prikazuje-
mo modifikovanu metodu enzimske digestije tkiva i uporedu-
jemo njene rezultate sa standardnim metodama.

U eksperimenu su koriséena tri uzorka dobijena nakon
cirkumcizije kod mladih, sredovecnih i starih pacijeneta.
Uporedivana je efikasnost primarne izolacije fibroblasta ko-
riscenjem eksplant metode, standardne enzimske metode uz
koriséenje kolagenaze i nase modifikovane metode enzimske
digestije tkiva. Uporedivano je vreme neophodno za dostiza-
nje 95% konfluencije fibroblasta u 30mm Petri Soljama.

Eksplant metoda je najsporija kada je u pitanju dostiza-
nje konfluencije i to posebno kod starih donora (do 23 dana).
Standardna metoda enzimske digestije dovodi do nepotpune
disocijacije tkiva humane koze, ali je dostizanje konfluencije
fibroblasta bilo znatno brze nego kod eksplanta (kod mladih
donora polovinom 7. dana). Nasa, modifikovana enzimska
metoda sa mesavinom enzima je najbrze dovela do konflu-
encije Celija (kod mladih donora 5. dana).

Kada dizajn neke studije zahteva efikasnu izolaciju der-
malnih fibroblasta i visok procenat vijabilnosti Celija, najbo-
lja metoda je digestija tkiva sa mesavinom enzima.

Kljucne reci: dermalni firboblasti, izolacija, kultivacija,
enzimska digestija
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INTRODUCTION

Fibroblasts are the main cell population in the dermal
part ofthe skin. They play a crucial role in the maintenance
of the normal histological organisation of the dermis and
the repairing of wounded connective tissue. In the dermis
of the skin, there are two different layers of connective
tissue (1), including the papillary layer, which is mainly
composed of loose connective tissue with a large number
of biologically active fibroblasts, and the reticular layer,
which is largely comprised of dense irregular, connective
tissue that contains less fibroblasts with weaker mitotic
activity (2, 3). In the cell culture system, fibroblasts read-
ily proliferate in the presence of bovine sera and even a
small amount of nutrients in the medium and frequently
overgrow other cells in cultivation dishes; thus, they are
commonly referred to as “weeds” of cell cultures (4). Con-
sidering that cultivated fibroblasts have been widely used
in a great number of in vitro studies, ranging from exami-
nations of metabolic pathways, cell-to-cell interactions,
and drug effects to tissue engineering and genetic inves-
tigations, determining a reliable and quick method for the
isolation and establishment of healthy primary fibroblast
cultures is important (5-10). Although most studies have
been performed on fibroblast cell lines purchased from
cell factories, experiments with laboratory animals fre-
quently require primary isolation for the confirmation of
results obtained from cell cultures. There are few studies
in the literature providing data on the improvement of
isolation protocols, especially with regard to the short-
ening of the time necessary to establish healthy primary
cultures and improvements in total cell yields (11, 12).
Authors have agreed that the main success-limiting fac-
tors are the tissue type and the age of the donor. Younger
and especially embryonic connective tissues are potent
sources of fast-growing fibroblasts. In contrast, dense
tissues from older donors may present significant prob-
lems for successful fibroblast culture establishment (13).
In research laboratories, two major methods of fibroblast
isolation are typically used, tissue explant and enzyme di-
gestion with different types of matrix metalloproteinases,
particularly collagenase (10-16). The main disadvantage
of the explant method is the fact that it generates cells
quite slowly (15). On the other hand, enzyme digestion
can generate a great number of fibroblasts quickly, but
problems that are mainly due to incomplete tissue diges-
tion may occur when a small amount of tissue is to be
processed (17, 18). Here, we present an improved proto-
col for fibroblast isolation and compare its efficiency with
those of the standard explant and enzymatic methods.

MATERIALS AND METHODS

Foreskin samples from the three donors were used. All
experiments were performed according to the EU (86/609/
EEC) and local ethical guidelines with consent from the

donors. The ages of the donors were 18, 34 and 68 years
for samples one, two and three, respectively. All donors
underwent a circumcision procedure, and their skin was
found to be absent of pathological changes. The skin sam-
ples were kept in sterile saline solution with antibiotics,
and all samples were processed within three hours. Af-
ter the removal of excess tissue, the samples were trans-
ferred to a sterile dispase II (20 mg/ml, Sigma-Aldrich,
USA) solution overnight at 8°C. Then, the epidermis was
peeled off with tweezers. The remaining tissue was finely
minced with scissors to obtain small dermal pieces of ap-
proximately 1 mm in diameter. The skin tissue was then
measured, and 18 grams of tissue from each sample were
divided into three equal parts to be used for each isola-
tion method so that the same amount of skin tissue would
be evaluated in each case. Three different methods for the
isolation of dermal fibroblasts were used as follows: the
explant technique, the standard enzymatic dissociation
procedure with collagenase II (10 mg/ml (Gibco, USA),
overnight at 37°C) and our isolation procedure with a
“mixed” enzyme solution (10 mg/ml collagenase II, 5 mg/
ml dispase II, 1 mg/ml DNase (Invitrogen, USA), and 10
mM calcium-chloride (Sigma-Aldrich, USA), overnight at
40°C). For the explant method, pieces of tissue from each
donor were transferred into three 30-mm Petri dishes, and
cell culture medium was added. Tissue lysates obtained
by enzyme digestion were inspected for the degree of di-
gestion and cell viability using a fluorescence microscope
with an acridine orange/ethidium bromide fluorescent
dye. The cells were then isolated by washing in the buf-
fer solution and centrifugation. Isolated fibroblasts from
each donor were seeded in six Petri dishes. All cells were
cultivated in low-glucose DMEM medium (Invitrogen,
USA). The medium was changed every other day, and the
time needed for the cells to reach over 95% confluence
in the 30-mm Petri dishes was then measured. Near the
end of the experiment, transparent millimeter paper was
attached under the bottom of the Petri dish and used to
assess the degree of confluence. All values were expressed
as the mean + standard deviation (SD). Commercial SPSS
version 20.0 for Windows (SPSS version 20.0; SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. The
data distributions were evaluated for normality using the
Shapiro-Wilk test. Statistical evaluation was performed
by Student’s t-test for paired observations or one-way
ANOVA, depending on the data distribution. P values of
less than 0.05 were considered significant.

RESULTS

The results of the three different fibroblast isolation
methods are described as follows. With the explant meth-
od, the fibroblasts started to show outgrowth after 4-9
days. The earliest outgrowth was observed with the tissue
obtained from sample 1 (mean value of 102+19 hours),
while sample 2 showed the same results, but with a delay



=] Lo

8 Explant
tt Standard

Hours

O Our method

sample 1

sample 2 sample 3

Figure 1: Time needed for 95% fibroblast confluence in relation to donor
age and the type of cell isolation method used.

of almost two days (mean value of 138+14 hours). Cell out-
growth of sample 3 (the oldest donor) failed to occur in one
Petri dish (after 3 weeks), and the others showed prolifera-
tion within 204+12 hours. The desired 95% cell confluence
was reached on the 11" day (261+19 hours) for sample 1
and the 14" day for sample 2 (318426 hours). For sample 3,
cells in two Petri dishes did not reach confluence even af-
ter 4 weeks, but for the other 3 specimens, confluence was
reached on the 23 day (554+46 hours) (Fig. 1).

With the standard enzyme digestion method, the fibro-
blasts from sample 1 reached confluence in 6 days (137+13
hours), and confluence was reached in 7 days for sample 2
(163£11 hours) and 15 days for sample 3 (350443 hours).
Tissue digestion was not complete because a significant
number of fibroblasts were still trapped inside of the col-
lagen fibre mesh after the treatment (Fig. 2).

Our improved enzyme digestion method with a “mixed”
enzyme solution was found to be the most effective. The
fibroblasts from the youngest donor reached 95% conflu-
ence in 4 days (94+9 hours), while the cells from sample
2 achieved this goal after 5 days (127+12 hours). Interest-
ingly, although the digestion of the dermal tissue from the
oldest donor was better with our method than with stan-
dard enzyme digestion method, the fibroblasts isolated
by our method reached the 95% confluence at roughly at
the same time as those isolated by the standard method
(338+36 hours) (Fig. 1).

Statistical analysis showed that the fibroblasts isolated
by both enzyme digestion methods reached 95% conflu-
ence significantly faster (p<0.05) than those isolated with
the explant method. A comparison of the two enzyme di-
gestion methods showed that for sample 1 (the young do-
nor), our method allowed for the desired number of cells
to be obtained significantly faster (p<0.05), but this did not
occur for the middle-aged and older donors (p>0.05).

DISCUSSION

Fibroblasts are the most abundant cells in the human
body. Their main role is to produce fibres and compo-
nents of the extracellular matrix of connective tissues

(1, 2). Because they readily proliferate under cell culture
conditions, they have been widely used in various in
vitro studies (5-10). Their primary isolation and cultiva-
tion methods have been known for decades (16), but re-
ports of improvements in these techniques are rare and
have not been very effective (19). As expected, our study
showed that the explant method for the isolation and cul-
tivation of dermal fibroblasts was by far the slowest way
to obtain the desired number of these cells compared to
the enzyme digestion methods, even when considering
the one-day advantage of the explant method (the other
methods needed one additional day for digestion). This
fact has been well documented in previous publica-
tions (15). Although there are some differences between
our findings and results from other studies concerning
the time that fibroblasts need to start outgrowth from
the tissue and proliferate to the desired number, these
discrepancies are due to the uses of unequal starting
amounts of skin tissue. Nevertheless, we can agree that
the explant method should not be used when cultured
dermal fibroblasts are needed quickly. This is especially
true when the starting tissue originates from older do-
nors because in this case, the explant method is not reli-
able due to the frequent failure of fibroblast outgrowth
that has been observed. In our study, failure occurred in
50% of the cases, if we include the specimens that did not
reach 95% confluence. A much faster way to obtain a pri-
mary dermal fibroblast culture is the enzyme digestion
technique (11, 12, 17). For this technique, the collagenase
II enzyme is most commonly used to break up collagen
fibres and release fibroblasts from connective tissue. Our
results showed that this method is reliable and produces
enough cells for a relatively fast cultivation onset. How-
ever, in this study, we tried to fully utilise the histologi-
cal architecture of the skin and enzymatic characteristics
to improve the isolation procedure. Considering the two
distinct parts of the dermis and especially the structural
characteristics of the papillary layer, we assumed that

Figure 2: Incomplete digestion. Cells trapped In collagen fiber mash cells
(encircled)
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proteases, such as dispase II, would enhance cell release
by breaking down the attachment of the fibroblast to the
collagen fibres because this enzyme hydrolyses peptides
bound to non-polar amino acids, which are often found
in collagen (20, 21). The results proved that this assump-
tion was correct. The digestion of the young dermal tis-
sue was better with the “mixed” enzyme solution, and
the tissue specimens treated with our solution gave rise
to more fibroblasts that reached 95% confluence more
rapidly than the ones obtained with the standard enzyme
digestion method. Furthermore, our method included an
elevated calcium concentration and a higher temperature
than usual because calcium ions are important for the abil-
ity of collagenase to bind to collagen fibres and start diges-
tion, and the activity of this enzyme is higher at slightly
elevated temperatures (22, 23). The only major exception
occurred when tissue samples from older donors were in-
vestigated. In these cases, the “mixed” enzyme solution
failed to produce more cells than the standard one, and the
fibroblasts reached confluence at virtually the same time.
This is surely because of the atrophic changes in the skin of
elderly individuals, including reduced cellularity and a sig-
nificant increase in collagen content (13). Older dermal tis-
sue is denser and less responsive to enzymatic treatment.
In addition, fibroblasts lose mitotic potential with age;
thus, the overall effect of the digestion solution was dimin-
ished. We were somewhat puzzled by the results concern-
ing the middle-aged donors. We expected results similar to
those obtained with the younger tissue e.g., the significant
improvement of cell isolation, but tissue digestion with the
combined enzyme solution was not as complete compared
with the young donor. There was some difference in favour
of the “mixed” enzyme solution compared to the standard
one, but it was not significant. This is probably also due
to the structural changes of the skin; therefore, we are in
agreement with some authors who have stated that the ag-
ing process of the human skin is already apparent during
the fourth decade of life (24, 25).
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