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Growth Kinetics of Fibroblasts Derived from Normal Skin and Hypertrophic Scar
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In vitro growth kinetics of fibroblasts derived from normal skin and hypertrophic scar were
performed using continuous *H-thymidine labeling method. In fibroblasts derived from
normal skin, aging of the donor affects cell growth mainly by growth fraction (GF), but
not labeling index (LLI) and DNA synthetic time (Ts). When hypertrophic scar-derived
fibroblasts are compared with normal fibroblasts. they showed a shorter Ts and lower LI
and GF. This result suggests that in hypertrophic scar a small number of fibroblasts
proliferate more actively, but most fibroblasts are non-growing cells. (Received May S,
1987.)

T. Oku, Department of Dermatology. Shizuoka General Hospital, 4-27-1 Kitaando. Shizu-
oka city, Shizuoka. 420. Japan.

Hypertrophic scar is usually recognized as a reddened, elevated hard mass occurring as a
consequence of deep injury to the skin. The most striking feature of hypertrophic scar is
continuing build up of collagen over long periods of time (I, 2). Since fibroblasts actively
synthesize collagen during the repair process of skin injury, it is suggested that these cells
play a most important role in the development of scar tissue. In this culture study. we
compared the growth kinetics of fibroblasts derived from normal skin and hypertrophic
scar to clarify the mechanism of abnormal collagen formation in hypertrophic scar.

MATERIALS AND METHODS

Cell culture: Fresh skin specimens were obtained from twelve healthy patients ranging in age from 17
to 84 years (6 male and 6 female cases). and from seven patients with clinically confirmed hypertro-
phic scar in age from 4 to 46 years (male 6 cases, female | case). The biopsy specimens were cut into
small pieces (1X1 mm) and a few pieces of skin were put onto a coverslip. Each coverslip was placed
in a 3515 mm plastic dish (Falcon Plastic. Oxnord, California) containing 2-3 ml Eagle’s minimal
essential medium (Nissui Seiyaku, Tokyo) supplemented with 10% fetal calf serum, and 60 ug/ml
Epocelin (Fujisawa Seiyaku, Osaka). Cultures were maintained at 37°C in a highly humid incubator
with mixture of §% CO; in air. Culture fluid was routinely changed every three days. All experiments
were carried out on 14-21 day-old cultures of exponential growth.

Cell labeling

After changing culture fluid, the cells were continuously labeled by the addition of 1 uCi/ml *H-
thymidine (New England Nuclear, specific activity 24.7 Ci/mM). At 2, 6. 12, 24 and 48 h after labeling
procedure, the cells were washed 3 times in cold phosphate buffered saline (pH 7.2). fixed in absolute
methanol and air-dried. The labeled specimens were then processed for autoradiography. The labeling
indices (L.Is) were determined by counting the number of labeled nuclei per 500 cells. When there
were 5 and more grains over the nucleus. the cell was identified as having a *‘labeled nucleus™".

Estimation of growth parameters

Estimation of DNA synthetic time (Ts) and growth fraction (GF) was performed with continuous
labeling method (3). During continuous labeling with *H-thymidine Lls arrive at the plateau level.
Theoretically, the LI line is formed as shown in Fig. |. The extrapolation of LI line back to zero
labeling (Fig. 1) provides an estimated Ts. GF can be calculated from the time at which LI arrives
at the plateau level. In the present experiments a 48 h LI was considered to represent GF. because
Good (4) showed that GF was identical with the continuous LI for 48 h in human diploid fibroblasts.



Acta Derm Venereol (Stockh) 67

Short reports

527

x
Q
°
£
o
£ GF
[
a
3
Fig. 1. Theoretical continuous labeling curve. Growth
fraction (GF) is determined when a plateau level has
i, been reached after labeling procedure. Initial labeling
¢ index (ILI) is theoretically estimated when the LI line
4 is extrapolated to zero hour of labeling time. Ts =
7 DNA synthetic time.
\Ts/ Labeling time

The comparative studics of growth kinetics of fibroblasts in vitro derived from normal skin and
hypertrophic scar were evaluated statistically by Student’s t-test.

RESULTS

Continuous LlIs of fibroblasts derived from normal skin and hypertrophic scar were shown
in Fig. 2. The patients from each category were separated into young (less than 40 years
old) and old (more than 40 years old) groups. While some degree of variation ¢xists in the
LI obtained from each individual, there was a difference in the LIs of normal skin with
respect to donor age. The fibroblasts derived from the young group (six patients: 17-32
years old) showed higher values in GF, but notin LI and Ts, than those from the old group
(six patients: 49-84 years old) (Table I).

Compared with normal young fibroblasts, hypertrophic scar-derived fibroblasts showed
a shorter Ts and lower ILI and GF when evaluated by a Student's r-test (p<0.01, p<0.0S
and p<0.025) (Table I). This indicates that these fibroblasts proliferate more actively than

those from normal young skin during the initial 24 h labeling, that is followed by the
quiescent stage.

DISCUSSION

There is no agreement whether cultured fibroblasts derived from hypertrophic scar prolif-
erate more actively than those from normal skin. In the present study, growth behavior of
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Fig.2. Continuous labeling of
normal skin and hypertrophic
scars.
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Table 1. Cell kinetics of normal skin and hypertrophic scars

Initial labeling index (ILI), DNA synthetic time (Ts) and growth fraction (GF) were cstimated. The
means * standard deviations for each group are presented

ILI (%) Ts (h) GF (%)
Normal young skin (n=6) 229489 24.4+11.7 73.1£10.3°
Normal old skin (n=6) 19.5£7.2 31.6+13.3 50.2+9.0
Hypertrophic scar (n=7) 12.427.7 9.8+7.7 55.2+13.1¢

¢ p<0.005. compared with GF of normal old fibroblasts.

* p<0.01, compared with ILI of normal young fibroblasts.
“ p<0.05, compared with Ts of normal young fibroblasts.

¢ p<0.025, compared with GF of normal young fibroblasts.

normal fibroblasts suggests that aging affects the cell growth mainly by reducing GF.
Ristow et al. (5) have reported that human fibroblasts derived from biopsies have only a
limited in vitro life span, varying from approximately 20 to 60 doublings according to the
age of the donor. Klein et al. (6) have considered that GF is a most important parameter to
estimate the growth kinetics of actively proliferating cells. On the other hand, LI and Ts
may not usually exhibit the exact growth parameters of growing cells in vivo and in vitro
(3, 7). Therefore, we confirm previous findings that dermal fibroblasts from normal skins
proliferate actively acccording to the donor age.

The comparative study between normal skin and hypertrophic scar in this experiment is
in contrast to the finding by Diegelmann et al. (8) in which growth curves between normal
skin and hypertrophic scar-derived fibroblasts are not different. The difference may be
attributed to the conditions of cell culture and methods estimating the growth kinetics. We
suggest that a small number of the dermal fibroblasts in hypertrophic scar are cycling cells
that proliferate more actively and rapidly. while increasing proportions of non-cycling cells
to a greater extent occupy the scar compared with normal skin. An excessive accumula-
tion of collagen in hypertrophic scar is ascribed to the increasing proportion of non-
growing fibroblasts, because these cells are usually functioning cells expressing the
characteristic differentiation.

REFERENCES

1. Gabbiani G, Rungger-Brandle E. The fibroblasts. In: Glynn LE, Houck JC, Weissmann G, eds.
Handbook of inflammation, vol. 3. Oxford: Biochemical Press. 1981: 1-50.

2. Jackson DS. Dermal scar. In: Weiss JB, Jayson M1V, eds. Collagen in health and disease. London,
New York: Churchill Livingstone, 1982: 466—473.

3. Aherne WA, Camplejohn RS, Wright NA. How to analyse the cell cycle. II. In: Aherne WA,
Camplejohn RS, Wright NA, eds. An introduction to cell population kinetics. London: Edward
Amold. 1977:27-43.

4. Good PI. Aging in mammalian cell population: a review. Mech Aging Dev 1975; 4: 339-348.

S. Ristow H. Holley RW, Messmcr TO. Regulation of growth of fibroblasts. J Invest Dermatol 1978;
71:18-23.

6. Klein JA, McCullough JL, Weinstein GD. Topical tritiated thymidine for epidermal growth
fraction determination. J Invest Dermatol 1986; 86: 406 409.

7. Wright NA. The cell proliferation kinetics of the epidermis. In: Goldsmith LA, ed. Biochemistry
and physiology of the skin, vol. 1. New York, Oxford: Oxford Univ. Press, 1983:203-229.

8. Diegelmann RF, Cohen IK, McCoy BJ. Growth kinetics and collagen synthesis of normal skin,
normal scar and keloid fibroblasts in vitro. J Cell Physiol 1979: 98: 341-346.





