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Autocrine growth regulation of keloid and normal human dermal fibroblasts
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Abstract: Dermal fibroblasts were examined for autocrine control. Four experiments were done on each keloid and
normal human dermal fibroblasts to study the effects of fibroblasts conditioned medium at 25% & 50%
concentration on passage two (P2) cultured fibroblast. In each experiment, growth was quantitated by cell count,
protein and Deoxyribonucleic acid (DNA) assays. The conditioned medium in our experimental models resulted in
increase in the cell yields in the conditioned medium groups. There was definite increase in the cell population with
the 25% and 50% conditioned medium over the experimental time period with both normal skin and keloid
fibroblasts. The amount of protein & DNA per million cells is increased in cultured keloid fibroblasts and decreased
with cultured normal dermal fibroblasts. The study showed that the autoscreation of culture keloid fibroblasts
contain both mitogenic and metabolic signals that increase the cell count, protein and DNA content per million cells.
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1. Introduction

Keloid is one of the most challenging clinical
problems, especially in plastic surgery practice. The
term keloid was originally described in the 1800s as
“cheloid,” which is derived from the Greek root
“chele,” which means “crab claw.” (Brissett and Sherris,
2001). Keloids are unique to humans and are
characterized by an overabundant extracellular matrix
(ECM) deposition, especially collagen in the dermal
region of the skin and by an abnormal response of
fibroblasts to growth modulators (Raghow, 1994;
Tredget et al., 1997). Keloid tends to occur in
darker-skinned races with a familial tendency (Eryilmaz
and Uygur, 2010). These abnormal scars may follow
surgery, ear piercing, burns, lacerations, abrasions,
tattoo placement, vaccinations, insect bites, and any
inflammatory process such as acne, varicella, or
folliculitis (English and Shenefelt, 1999). In addition to
the disfigurement keloid scar may inflict on patients,
they can be complicated by pruritus, tenderness, burning,
secondary infection, ulceration, and restriction of
motion (Sherris et al., 1995; Shaffer et al., 2002).

The treatment of keloid scarring remains one of the
most difficult challenges in plastic surgery. Several
therapeutic modalities were described. These include
surgery, silicone gel-sheets, steroid injections,
compression garments, cryosurgery, radiotherapy, laser
therapy, interferons, 5-fluorouracil and bleomycin.
There is still no single effective treatment protocol for
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keloids management and no consensus on the best way
to treat keloids (Mofikoya et al., 2007). Most of these
treatment protocols are plagued with spectre of
recurrence as well as various side effects, ranging from
skin pruritus to pain (Donkor,2007; Butler et al., 2008).

Dermal fibroblasts have autocrine and paracrine
functions (lgarashi et al., 1993). Fibroblasts in keloids
have different properties than those seen in normal skin.
In this study, we are investigating differences in the
autocrine control of both cultured normal dermal and
keloid fibroblasts.

2. Materials and methods

This part of the work was done in the tissue culture
research laboratory, Plastic Surgery department, Ain
Shams university hospital. The objective of this phase
was studying the growth and microscopic characteristics
of cultured normal and keloid fibroblast in vitro and
using cultured cells to evaluate the effects of fibroblast
conditioned medium on their growth, protein and DNA
synthesis in vitro.

The fibroblasts were obtained from human normal
skin and keloid scars removed surgically under
anesthesia.

Two of the keloids were from the ear lobule and
two from the upper arm and face. The normal skin was
obtained from four patients operated upon for cosmetic
surgery (breast and abdominoplasty). These specimens
were collected aseptically in the operation room and
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transferred to the cell culture laboratory.

Two methods were used for fibroblast isolation and
cultivation. The first is the explants culture technique
according to protocol described by Keira et al. (2004).
Isolation and dispersed cell culture according to protocol
described by Lee et al. (2006) using different in
concentration of trypsin, type of collagenase and
centrifugation rate. We used high concentration of
trypsin (0.3%) instead of 0.25%, collagenase NB 4
Standard Grade instead of collagenase type Il and the
centrifugation rate at 2000 rpm for 10 min instead of
500 xg for 5 min.

Primary culture from each specimen was
established and propagated first in a serum-containing
medium (DMEM supplemented with 10% FBS), then in
a serum free medium (Ultra Culture).

2.1 Preparation of Conditioned media

Conditioned media were prepared from 50%
confluent passage one (P1) normal and keloid
fibroblasts by using serum free medium.

Conditioned media were aseptically aspirated and
stored in the refrigerator. P2 cultures were fed with
different concentration of unconditioned media and
conditioned media (25% & 50% v/v) every other day till
the cultures were near confluent.

2.2 Methods of assay

Growth of cells in culture was assayed by cell
counting using the standard hemocytometer chamber
and spectrophotometric DNA& protein assays.

(1) Cell Counting

Cell count was done by using hemocytometer and
the dye exclusion technique to calculate the number of
viable cells.

(2) DNA ASSAY

DNA was extracted from culture cells using
QlAamp DNA FFPE Tissue Kits manufactured by
QIAGEN Group, Germany; 2007. The absorbance was
measured at 260 nm by a spectrophotometer (Ultraspec
1000, UVlvisible spectrophotometer, ~Amersham
Pharmacia Biotech, Cambridge, England).

(3) PROTEIN ASSAY

Preparation of cell lysates from cultured cell
pellets was done according to technique described by
Eissa and Seada (1998). The concentration of protein
was measured in cell lysate samples by the method
described by Bradford (1976). A convenient standard
curve can be made by using a series of dilutions of
bovine serum albumin. Protein concentrations in the
samples were determined spectrophotometrically at
595 nm (Ultraspec 1000, UV/visible spectrophotometer,
Amersham Pharmacia Biotech, Cambridge, England).

3. Results:
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In our experiments, we could successfully culture
both normal human dermal and keloid fibroblasts using
the explants culture technique shown in Figure 1 and the
dispersed cell culture technique shown in Figure 2.

Microscopically, the gross characteristics and
morphology of the cultured keloid fibroblasts were not
different from those of normal fibroblasts under the

culture conditions.
Figure 1. Fibroblasts proliferating from the edges of the

1

explanted tissue to the Petri dish
Figure 2. P2 confluent fibroblast culture
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Table 2. The effects of 25%& 50% conditioned medium on P2 cultured Keloid fibroblasts.
EXF. sample Cell Count{ | % Control | pg Protein/ | % Control pg DNAY | % Control
Number T <75 flask 1x10° cells 1x10° gells
Control 1,6x10 100 % 216 100 % ar 100 %
1 25% 3x106 187.5% 220 101.9 % 379 1388 %
50% 3,2x106 200 % 229.5 1387 % 46.3 169.6 %
Control 1.8x106 100 % 275.6 100 % 378 100 %
2 25% 34x106 188.9 % 280 101.6% 44.5 1177 %
50% 3.7x106 205.6 % 288.5 1047 % 523 1354 %
Control 1.9x106 100 % 320 100 % 41 100 %
3 25% 3,6x10 189.5% 379 118.4% 50 122%
50% 3.8x106 200 % 388 121.3% 55 134.1%
Control 1.3x10° 100 % 528 100 % 70 100%
4 25% 2.2x106 169.2% 578 109.5% 78 1114 %
50% 2.8x106 2154 % 396 112.9% 854 122%
Four experiments were done on each keloid and DNA/1x 10° cells increases in cultured keloid

normal human dermal fibroblasts to study the effects of
fibroblasts conditioned medium at 25 & 50%
concentration on P2 fibroblast. In each experiment,
growth was quantitated by cell count, protein and DNA
assays. The data are shown in Table 1 and Table 2 and
curves are shown in Figure 3, Figure 4 and Figure 5.

Serum free conditioned medium increases cell
count in both cultured normal human dermal and
keloid fibroblasts (Figure 3).

Protein concentration / 1x 10° cells increases in
cultured keloid fibroblasts and decreases in cultured
normal human dermal fibroblasts in response to their
autosecreations released in serum free conditioned
medium and that this effect is dose-related (Figure 4).
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fibroblasts treated by 25% & 50% conditioned medium
and decreases in cultured normal human dermal
fibroblasts (Figure 5).

40



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B987B-516973C-5&_user=739499&_coverDate=10%2F08%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000041101&_version=1&_urlVersion=0&_userid=739499&md5=6a4ee3ba2d
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B987B-516973C-5&_user=739499&_coverDate=10%2F08%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000041101&_version=1&_urlVersion=0&_userid=739499&md5=6a4ee3ba2d

Nature and Science, 2011;9(4)

http://www.sciencepub.net/nature

Figure 3. Cell count of cultured normal human dermal
fibroblasts versus keloid fibroblasts
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Figure (5): DNA concentrations in cultured normal
human dermal fibroblasts versus keloid fibroblasts

4. Discussion

Calderon et al. (1996) evidenced that keloid
fibroblasts possess an increased in vitro proliferation
capacity which is consistent with a decreased apoptosis
rate. Also, keloids are known to produce large amounts
of ECM components that are even qualitatively different
from those involved in the normal healing process (Luo
et al. 2001). Matsuko et al. (1988) demonstrated a
greater density of fibroblasts in keloids than in normal
granulation  tissue  suggesting that  fibroblast
proliferation in vivo is increased in keloids. Kischer,
(1992) has alluded to the hypercellular nature of keloids
early in their development. This difference disappears in
later phases of keloid development where cell numbers
are the same or less than in normal scar or dermis
(Mancini and Quaife, 1962).

In our study the cell yields in our conditioned
medium groups were more than the control. There was
definite increase in the cell population with the 25 and
50% conditioned medium over the experimental time
period comparable to the control with both normal skin
and with keloid fibroblasts.

Meenakshi et al. (2005) showed that Keloid
fibroblasts have higher proliferation rate than normal
skin fibroblasts. The rates of DNA synthesis and protein
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synthesis were studied in order to analyse the metabolic
activity of these fibroblasts. Both these studies showed
that keloid fibroblasts were metabolically more active
than fibroblasts from normal skin.

In our study we confirmed the increased in
metabolic activity of keloid fibroblasts. The amount of
protein & DNA per million cells increased with keloid
fibroblasts cultured in 25% & 50% serum free
conditioned medium.

Younai et al. (1994) investigated the in vitro
effects of Transforming growth factor-beta 1 (TGF-p1)
on the rate of collagen synthesis in keloid fibroblasts
and normal skin fibroblasts. In response to exogenous
TGF-B1, keloid fibroblasts produced 12 times more
collagen than normal fibroblasts. Tan et al. (1993)
evaluated the effects of basic fibroblast growth factor
(b.FGF) on keloid fibroblast cultures. They found that
b.FGF causes a dose dependent inhibition of
hydroxyproline biosynthesis, an index of collagen
production. b.FGF may not play a key role in the
formation of keloids, but that it may be a potential
modulator in their treatment or prevention (Hanasono et
al. 2003).

We did not assess the role of cytokines produced
or released by cultured keloid fibroblast treated by
conditioned medium. From the work done by different
authors, the relative roles of TGF- and b.FGF may
explain the proliferative & metabolic effect of autocrine
secretions of culture keloid fibroblast.

5. Conclusion

The in vitro culture studies allow for a defined
system with well-defined parameters of cell type, cell
number and the effect of autocrine secretion in different
concentration on the cells. These in vitro systems are
well suited for some creative designs to investigate the
mechanisms underlying both normal and abnormal
healing processes. The data confirmed that keloid
fibroblasts were metabolically more active than
fibroblasts from normal skin when treated with
conditioned medium.

A study on cytokines produced by fibroblasts
especially TGF-f and b.FGF may cast light on the
pathogenesis and possible therapeutic approaches to
keloid. This idea is suggested for future research
specially because there is no suitable animal model for
keloids and it is not ethical to do experimentation on
living human keloid patient.
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