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Normal senescent adult human fibroblasts are rela-
ively insensitive to the effects of serum deprivation in
ulture. In contrast, the myofibroblast phenotype,
hich is predominant in scleroderma-affected skin
nd cultured fibroblasts from scleroderma-affected
kin, shows signs of deterioration within 3 days of
erum starvation. The addition of IL-1 (5 ng/ml) pre-
ents this deterioration. We propose that IL-1 is a fac-
or promoting myofibroblast longevity with conse-
uent fibrosis in scleroderma skin. © 1999 Academic Press

The myofibroblast is a fibroblast phenotype common
o wound healing and fibrosis and characterized by the
xpression of a-smooth muscle actin (a-SM actin) (for
eview, see Ref. 1). In the process of wound healing,
yofibroblasts disappear by apoptosis when wound

losure is complete (2). In contrast, myofibroblasts ap-
ear to persist in fibrocontractive diseases, such as
cleroderma (3). The continued presence of myofibro-
lasts in the fibrotic lesion has been proposed to be the
esult of a lack of a factor(s) which induce apoptosis or
ell death and/or the continued presence of factor(s)
hich enable myofibroblast survival.
Growth factors act by stimulating cell proliferation

nd/or preventing cell death. IL-1 is a pleiotropic cyto-
ine, synthesized primarily by monocytes and macro-
hages, which has been demonstrated to induce apop-
osis in some cell types while increasing cell viability in
thers. Stimulated monocytes from scleroderma pa-
ients release IL-1 in greater amounts than do mono-
ytes from controls (4, 5). Monocytic infiltration is seen
n scleroderma skin (6) and scleroderma fibroblasts
ave been demonstrated to be more sensitive to the
ffects of IL-1b than normal fibroblasts (7). In this
tudy we investigated the effect of IL-1 on the viability
f cultured (myo) fibroblasts from normal human
dults and from affected skin of scleroderma patients.

1 To whom correspondence should be addressed. Fax: (313) 577-
938. E-mail: mmayes@oncgate.roc.wayne.edu.
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Patient selection. Patients were diagnosed with scleroderma ac-
ording to ACR criteria. Normal volunteers served as controls.

Fibroblast cultures. Fibroblasts were grown out from skin punch
iopsies from the forearm. The growth medium was DMEM (Gibco)
upplemented with glutamine and penicillin/streptomycin. Fibro-
lasts were routinely passaged 1:2. Additional controls were fibro-
lasts derived from unaffected scleroderma skin and neonatal fibro-
lasts. Neonatal foreskin fibroblasts were purchased from Clonetics
nd cultured following the methods suggested by Clonetics.

Cytokines and antibodies. Human recombinant IL-1 b was pur-
hased from Pharmingen and human recombinant TGFb1 from
oehringer-Mannheim. Monoclonal antibody against a-SM actin
as purchased from Boehringer-Mannheim and monoclonal anti-
ody against human N-cadherin (13A9) was kindly provided by Mar-
aret Wheelock, Medical College of Ohio (Toledo OH), and Karen
nudsen, Lankenau Medical Research Center (Wynnewood, PA).

Western blotting. Equivalent amounts of cells were plated in each
ell of a 6- or 12-well culture plate and used when confluent. For

erum-free conditions, cells were rinsed once with DMEM. After the
xperimental incubation period, lysates of fibroblast cultures were
repared by removing the cell media and rinsing the cell layer twice
ith PBS, adding boiling lysis buffer to the cell layer and scraping

he bottom of the well. Lysates were transferred to Eppendorf tubes
nd boiled an additional 5 min. The lysis buffer consisted of 0.25 M
ris, 4% SDS, 10% glycerol. Lysates were stored at 260°C until use.
ercaptoethanol was added to a final concentration of 5% in thawed

ysates. Concentrated bromophenol blue was also added to the ly-
ates and the lysates boiled for an additional five minutes before
oading on the gel. Equivalent amounts of protein (approximately 5
g) were loaded on each lane of a 7.5 or 10% polyacrylamide gel.
estern blotting for a-SM actin and N-cadherin was performed

ccording to standard methods. Immunoreactive protein bands were
etected using the Amersham ECL kit.

Determination of cell number. An equivalent number of cells
ere plated in each well of a 96-well plate. At least three wells were
sed for each experimental condition. Cells were used when conflu-
nt. The cells used in serum-free conditions were rinsed once with
MEM before adding the experimental medium. After the experi-
ental incubation period cell number was estimated by the MTT

ssay essentially as described by Mosmann (8).

ESULTS

IL-1 preserves scleroderma fibroblast morphology.
reliminary experiments showed that scleroderma

myo)fibroblasts grown under serum-free conditions
0006-291X/99 $30.00
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DMEM media supplemented with 2 mg/ml BSA)
howed signs of deterioration (see Fig. 1). Cells
ounded up and there were numerous small vesicles
oating in the media. When IL-1 b (4 ng/ml) was added
o the media fibroblasts assumed the more character-
stic spindle shaped morphology. They more closely
esembled cells grown in 10% serum–DMEM for 3
ays. In contrast, most cultures derived from normal
ndividuals did not show any signs of deterioration
fter incubation in serum-free media.

IL-1 enhances viability of scleroderma fibroblasts.
he relative number of living fibroblasts present after
hree days incubation with 5 ng/ml IL-1b in serum-free
edia was generally higher than the number of cells

FIG. 1. Photomicrographs of confluent scleroderma fibroblasts
fter 3 days incubation with (A) serum-free media, (B), serum-free
edia with 4 ng/ml IL-1b, or (C) growth media with 10% serum.
130
ncubated in the absence of IL-1 addition (Table 1).
cleroderma cell lines in general showed a greater
ifference in cell number with IL-1 addition. Some
ormal fibroblast strains (N1, N3, and neonatal fibro-
lasts) did not show any difference in cell number with
L-1. In contrast, cell strain N5 showed a dramatic
ifference in relative number of living cells incubated
ith and without IL-1. IL-1a, used in some experi-
ents, produced results similar to those obtained with

L-1b which is to be expected since both forms of IL-1
ind to the IL-1 type I receptor.
In one experiment, the incubation time was extended

o 7 days. The ratio of living cells in IL-1 treated
ultures/living cells in control cultures was even
reater after seven days incubation (Table 1). Also, the
ppearance of cells grown in serum-free media for 7
ays showed increased deterioration compared to cells
xamined after three days while cells cultured with
L-1 maintained a normal morphology (data not
hown).

IL-1 enhances viability of scleroderma fibroblasts
ultured in 10% serum. Scleroderma fibroblasts
rown in 10% serum–DMEM also showed morpho-

TABLE 2

Relative Ratio of Cell Number with IL-1 Compared
to 10% Serum Control

Scleroderma Unaffected scleroderma Controls

5-Day incubation

S1 1.19* S10 1 N1 1.01
S2 1.29* S11 1.25* N2 1.1*
S3 1.25*
S4 1.19*
S5 1.20*

* P , 0.01.

Relative Ratio of Cell Number with IL-1 Incubation
Compared to Serum-Free Control

Scleroderma Unaffected scleroderma Controls

3-Day incubation

S3 1.13** S10 1 N1 1.03
S4 1.30** S11 1.07 N2 1.16*
S5 1.19** N3 1.03
S6 1.13** N4 1.12*
S7 1.25** N5 1.72**

Neonatal 1

7-Day incubation

S2 1.63**
S4 1.60**

* P , 0.05.
** P , 0.01.
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ogical signs of cell loss in culture. Cells became
ounded up and vesicles appeared in the media. This
sually became more apparent in later passages.
owever, IL-1 restored viability even in these late
assage (p15 or greater) fibroblasts (data not shown).
herefore, confluent fibroblast cultures were also in-
ubated in 10% serum–DMEM (growth medium)
ith and without 5 ng/ml IL-1 b. Cell number was
reater with the addition of IL-1b in scleroderma
broblast cultures (Table 2).

IL-1 addition enhances expression of myofibroblast
-SM actin and N-cadherin. Fibroblast cultures con-
ist of heterogeneous populations consisting of some
ombination of fibroblast and myofibroblasts (9, 10). To
stimate the relative effect of IL-1 b on the myofibro-
last population we made use of two protein markers of
yofibroblasts: the classic myofibroblast marker

a-SM actin) and N-cadherin, whose expression levels
ppear to correlate with expression of a-SM actin (11,
2). Without serum both a-SM actin and N-cadherin
evels tended to be lower than with 10% serum in-
luded in the media. The addition of IL-1 b to the
erum-free media resulted in increased levels of these
wo proteins approaching that seen with 10% serum.
esults from a typical scleroderma cell line are shown

n Fig. 2, lanes 1–4.
TGF-b, a component of serum, is capable of trans-

orming fibroblasts into myofibroblasts in culture (13),
nd is one factor contributing to fibroblast heterogene-
ty. The influence of IL-1b on the myofibroblast pheno-
ype was also seen in cultures derived from normal
ndividuals. For example, IL-1 addition to cultures of
ontrol strain fibroblasts, N5, resulted in greater cell
iability (Table 1), and relatively higher levels of ex-
ression of a-SM actin and N-cadherin expression com-
ared to the serum-free control (Fig. 2, lanes 5–8).

ISCUSSION

Il-1 has been reported to induce apoptosis of various
ell types, including myofibroblasts cultured from rat
ung (14) and human corneal fibroblasts (15). More

FIG. 2. Western blot for N-cadherin and a-SM actin. Lysates of s
1), serum-free media plus 5 ng/ml IL-1b (2), serum-free media and 2
broblasts incubated for 3 days in serum-free media (5), serum-free
erum (8).
131
ecently, there have been reports of the effect of IL-1 on
ell viability (16, 17). IL-1 increases the viability of
steoclasts, by a mechanism involving activation of
F-kB (18). Osteoclasts, like myofibroblasts, are cells
hich presumably are designed to function for a lim-

ted period of time. Osteoclasts, which under normal
onditions participate in bone remodeling, can cause
one resorption if their life span is extended. Myofibro-
lasts, capable of synthesizing elevated levels of colla-
en and TIMP-1 (10), which persist after the comple-
ion of wound, healing can produce excessive scarring.

Unlike TGF-b, IL-1 is not capable of transforming
broblasts into myofibroblasts in culture (13). There-
ore, the effect of IL-1 on myofibroblast viability ap-
ears to be primarily due to a decrease in cell loss. This
ffect also appears to be characteristic of the myofibro-
last phenotype independent of the source of the fibro-
lasts.
Many cell types, including fibroblasts, will readily

within 24 h) undergo apoptosis when serum-deprived
19). AKR-2B fibroblasts rapidly die by a process inter-

ediate between apoptosis and necrosis (20). However,
ormal adult human fibroblasts do not show signs of
poptosis for periods of up to 4 weeks (21). This is
onsistent with our observations that confluent normal
broblasts are relatively resistant to cell death in com-
arison to myofibroblasts. Further work is necessary to
efine the mechanism of myofibroblast cell death under
erum-free conditions and the protective effect of IL-1.
In conclusion, myofibroblasts derived from sclero-

erma skin are lost in cell cultures under serum-free
onditions (possibly by apoptosis) but rescued by the
ddition of IL-1b. One factor involved in myofibroblast
ongevity in scleroderma skin may be IL-1. Monocytic
nfiltration may provide elevated levels of IL-1. The
ffect of IL-1 is likely to be augmented by the relatively
igh sensitivity of scleroderma fibroblasts to IL-1.
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