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Abstract: In sarcoid granulomas, apoptotic
events are reduced, which explains their charac-
teristic long-lasting inflammation. We have de-
scribed that interferon-y (IFN-v) inhibits apoptosis
in macrophages through the expression of
p21V*™*, Here, we explore the molecular mecha-
nisms involved in the inhibition of apoptosis in
sarcoid granulomas. We analyzed skin biopsies
from 19 sarcoidosis patients and 16 controls. Total
RNA was subjected to semiquantitative reverse
transcriptase-polymerase chain reaction analysis.
There was no difference found in the expression of
proapoptotic (Bax and Bel-X,) or antiapoptotic
(Bel-2 and Bel-X,) genes nor in the expression of
the tumor suppressor gene p53. Furthermore, the
expression of IFN-y and the cdk inhibitors p21 ™!
and p27%"®! were analyzed. IFN-y was detected in
37% of the sarcoidosis patients, and controls were
negative (P<0.02). In addition, a higher propor-
tion of patients expressing p21™*™" (58%) versus
controls (12%) was found (P<0.005). There was a
significant correlation between the expression of
IFN-y and p21¥*"" (r=0.69) and between p21¥*"
and fibronectin (r=0.65). Finally, using immuno-
histochemisiry, high p21¥*" reactivity was ob-
served inside the granuloma. We conclude that the
high levels of p21¥*"! in sarcoidosis may explain
the absence of apoptosis in the granuloma and the
persistence of inflammation. J. Leukoc. Biol. 74:

000-000; 2003.
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INTRODUCTION

Sarcoidosis is a multisystemic, granulomatous disease of un-
known etiology that involves mainly the lungs, mediastinal and
peripheral lymph nodes, skin, liver, spleen, eyes, and parotid
glands. Less frequent, but usually severe, manifestations also
occur in the central nervous system, heart, upper respiratory
tract, and bones [1]. The disease is characterized by the
formation of noncaseating granulomas in the organs affected.
Sarcoid granulomas typically show a compact and highly dy-

namic structure made by a central cluster of mononuclear
phagocytes, and their progeny (macrophages, epithelioid, and
giant cells) are generally surrounded by a rim of lymphocytes,
which mostly contain CD4" T cells but also a variable pro-
portion CD8™ T cells and B cells [2, 3].

The prognosis of sarcoidosis is good, as in most patients, the
disease is spontaneously resolved in less than 2 years or after
treatment with corticosteroids and without the prolongation of
inflammation or remaining fibrosis, but some cases develop
chronic, progressive disease [4]. However, 2 years is too long to
explain the resolution of an inflammatory response. To avoid
tissue damage, in normal conditions, an inflammatory response
is usually resolved in a few days. In most cases, the resolution
of the inflammatory foci is done by apoptosis of activated cells
[5, 6]. In the immune system, the Fas antigen and ligand are
involved in the down-regulation of immune reactions by induc-
ing apoptosis [6, 7]. The expression of the apoptosis signaling
receptors, tumor necrosis factor receptor (TNFR)I and Fas, is
increased on alveolar macrophages in sarcoidosis [8], and very
few apoptotic cells are found in acute sarcoid granulomas,
despite heavy immune cell infiltration [9-11]. By contrast,
apoptotic cells are observed in other lung diseases such as
interstitial pneumonia associated with collagen vascular
diseases or idiopathic pulmonary fibrosis but not in sarcoid-
osis [9].

The absence of apoptotic death inside the sarcoid granuloma
may explain the long lifespan of the cells involved in the
inflammation of this tissue. In this context, this study aimed to
examine the molecular mechanisms that could explain the
absence of apoptosis in the granuloma despite inflammation
and the expression of Fas and other death receptors.

Activation of macrophages in vitro by interferon-y (IFN-v)
or their adhesion to extracellular matrix (ECM) decorin led to
the suppression of apoptosis [12, 13]. This antiapoptotic effect
is mediated by the expression of the cdk inhibitor, p21%*!
[12], which is involved in the regulation of apoptosis in several
other cellular models [14, 15]. As macrophages and IFN-vy play
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crucial roles in the development of the sarcoid granuloma [16,
17], we explored whether our in vitro studies on macrophage
apoptosis have an equivalency in an in vivo model of a human
pathology.

Through a semiquantitative reverse transcriptase-polymer-
ase chain reaction (RT-PCR) study, we observed for the first
time that p21%Vaf!
pressed in skin sarcoid granulomas and that the increase in the

and fibronectin are significantly overex-

former is correlated with the increase in IFN-y levels observed

in sarcoidosis patients. These results indicate that the expres-
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sion of p2 could be related to the absence of apoptosis

inside the sarcoid granuloma and thus for the prolonged life-
span of the cells involved in the granuloma.

MATERIALS AND METHODS

Patients, tissue samples, and blood samples

Sarcoidosis was diagnosed in 19 individuals (eight with acute and 11 with
chronic sarcoidosis) in accordance with classical criteria: a compatible clinical
and radiological picture; histologic demonstration of noncaseating granulomas
in one or more tissues with negative stains and cultures for mycobacteria and
fungi or a positive Kveim test; and exclusion of other granulomatous diseases
[1]. The diagnosis of skin sarcoidosis was confirmed by the presence of
noncaseating granulomas in a cutaneous biopsy. Sarcoidosis was clinically
classified as acute when the disease was in complete remission in less than 2
years and chronic when activity persisted for more than 2 years after diagnosis
[4]. In all cases, a diagnostic biopsy was performed, and part of the material
was used for the present study. No patient was receiving corticosteroids at the
time of study. For comparison, 16 normal skin biopsies were studied. Skin
biopsies that contained at least one granuloma were obtained from all sarcoid
subjects and used in part for diagnostic purposes and in part for this study.
Biopsy samples were frozen at —80°C. In addition, some blood samples were
obtained by venopuncture. Informed consent was obtained from each patient,
and the study was performed following a protocol approved by the institutional
review board.

Reagents and cells

All PCR reagents were purchased from Roche Molecular Biochemicals (Indi-
anapolis, IN). All the other products were of the highest grade available and
were obtained from Sigma Chemical Co. (St. Louis, MO). Recombinant IFN-y
was obtained from Biosource (Nivelles, Belgium). Deionized water further
purified with a Millipore (Bedford, MA) Milli-Q system was used.

Jurkat (human T cell, TIB-152), Raji (human B cell, CCL-86), THP-1
(human monocyte-macrophage, TIB-202), and Detroit 551 (human skin fibro-
blast, CCL-110) cell lines were all obtained from American Type Culture
Collection (Manassas, VA) and cultured in Dulbecco’s modified Eagle’s me-
dium supplemented with 10% fetal calf serum at 37°C in an atmosphere of

5% CO,.

RT-PCR

Total RNA from the skin biopsies was isolated using Trizol Reagent (Invitro-
gen, Carlsbad, CA) following the manufacturer’s protocol and using a polytron
to homogenize the biopsy. Total RNA was diluted in RNase-free water and
quantified by UV spectrophotometry. Integrity of the RNAs was checked by
agarose gel electrophoresis. Only samples that showed no sign of degradation
were used for RT-PCR analysis.

Samples were measured using minor modifications of a semiquantitative
RT-PCR technique previously used in granulomatous samples [18]. cDNA was
synthesized from 600 ng total RNA by RT using 100 pmol oligo (dT),5 primer
(Roche Molecular Biochemicals) and 20 U/l Moloney murine leukemia virus
RT (Roche Molecular Biochemicals) in the presence of 10 mM each de-
oxynucleotide triphosphate (Roche Molecular Biochemicals), 10 mM dithio-
threitol, and 5 U/ul RNase inhibitor (RNase Guard, Roche Molecular Bio-
chemicals) for 1 h at 42°C in a 40-pl reaction. The ¢cDNA reaction was used
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(3=4 wl) for specific amplification of reverse-transcribed gene mRNA using
Taq DNA polymerase (Roche Molecular Biochemicals).

Primer sequences and PCR conditions were as follows: for Bax, 5'-GG-
GAGAGCTCAAACCCTGCCCG-3" and 5-CCCCGCTGAACGTGCCTGC-3'
at 57°C, producing an amplicon of 275 bp; for Bel-2, 5'-GGATGCGGGAGAT-
GTGGGCGEC-3" and 5'-GGCACCGGGCTGAGCGCAGG-3" at 57°C, produc-
ing an amplicon of 275 bp; for BelX;, 5'-CAGACAGCCCCGCGGT-
GAATGG-3" and 5'-CTGTCGGCTGCTGCATTGTTCC-3" at 57°C, producing
an amplicon of 425 bp; for BelXg, 5'-CAGACAGCCCCGCGGTGAATGG-3'
and 5" -CTGTCGGCTGCTGCATTGTTCC-3" at 57°C, producing an amplicon
of 225 bp; for TFN-y, 5'-CGAGATGACTTCGAAAAGCTGACT-3" and 5'-
CCTTTTTCGCTTCCCTGTTTTA-3" at 57°C, producing an amplicon of 120
bp; for p21V*", 5"-CTGGGGATGTCCGTCAGAACC-3" and 5'-GACCCT-
GCTCCCCTGAGCGAGG-3" at 57°C, producing an amplicon of 350 bp; for
p27%Pl 5.GGAGCGGATGGAGCGCAGG-3" and 5'-TGGGGGGCCGC-
GGGGG-3' at 57°C, producing an amplicon of 250 bp; for p53, 5'-GTCGAC-
CCCCCTCTGAGTCAGG-3" and 5'-GCTGGTGCAGGGGCCACGCG-3'  at
63°C, producing an amplicon of 200 bp; for decorin, 5'-CCTGATGACCGC-
GACTTCGAGC-3" and 5'-CTCCTGAAGAGTTTTGGGC-3" at 50°C, produc-
ing an amplicon of 325 bp; for Collagen 1V, 5'-GGTGAAAGAGGCCTC-
CCGG-3" and 5'-CTTGTCCCTTTTGTTCC-3" at 57°C, producing an amplicon
of 130 bp; for fibronectin, 5'-GGCAAGTTTCCAGGTACAGGG-3" and 5'-
CTGGGCGCTCAGGCCTGTGGG-3" at 63°C, producing an amplicon of 250
bp; for glyceraldehyde 3-phosphate-dehydrogenase (GAPDH), 5'-CAACTA-
CATGGTTTACATGTTC-3" and 5'-GCCAGTGGACTCCACGAC-3" at 57°C,
producing an amplicon of 175 bp.

PCR products were separated on 1.5% agarose gels and quantified by
densitometric analysis of ethidium bromide-stained gels. Negative controls,
consisting of the reaction mixture without cDNA, were run simultaneously.
Expression levels were compared and corrected for the expression levels of the

GAPDH-retrotranscribed ¢cDNA.

Immunohistochemistry for p21¥/a

Immunohistochemistry was performed using the monoclonal mouse anti-human
p21 Vel
anti-mouse antibody (Sigma Chemical Co.) or the simultest LeucoGate (anti-
CD45 and anti-CD14 labeled with rhodamine or fluorescence, respectively;

antibody (BD PharMingen, Heidelberg, Germany) and a peroxidase-

Becton Dickinson, San Jose, CA). Following deparaffinization in xylene and
rehydration through ethanol to water, nonspecific protein staining was blocked
by rabbit serum for 30 min at room temperature. The sections were incubated
overnight at 4°C with the p21V*" antibody, the combination of CD45 and
CD14 antibodies, or the control isotype antibody. The sections were rinsed
three times with phosphate-buffered saline 0.1% Triton X-100, incubated with
the secondary antibody for 1 h at room temperature, and then washed and
developed using 3'-diaminobenzidine tetrahydrochloride as a substrate (Sigma
Chemical Co.). Contrast staining of the sections was performed with haema-
toxilin. Pictures were obtained using an Axiovert 25 microscope (Zeiss, Jena,
Germany) at a 400X magnification.

RNA extraction and Northern blot analysis

Total cellular RNA (20 pg), extracted with the TRIZOL reagent (Life Tech-
nologies, Grand lIsland, NY), was separated in 1% agarose gel with 5 mM
3-(N-morpholino) propanesulfonic acid, pH 7, 0/1 M formaldehyde buffer.
RNA was transferred overnight to a Hybond-XL nitrocellulose membrane
(Amersham Pharmacia, Uppsala, Sweden) and fixed by UV irradiation (150
m]). The probe, Pmh117 plasmid, kindly provided by Dr. Joan Massagué
(Sloan Kettering Institute, Howard Hughes Medical Institute, New York, NY),
corresponds to the p21¥*™ full-length ¢cDNA cloned in pEx-lox and was
labeled with **P-a-dCTP (ICN Pharmaceuticals, Costa Mesa, CA) using the
oligolabeling kit method (Amersham Pharmacia). After incubating the mem-
branes for 18 h at 65°C in hybridization solution (5X standard sodium citrate,
5X Denhart, 1% sodium dodecyl sulfate, and 10° cpm/ml *2P-labeled probe),
they were exposed to Kodak X-AR films (Kodak Co., Rochester, NY).

Statistical analysis

As a result of difficulty in quantifying the PCR bands with small intensity in
agarose gels, data were represented as nonparametric. For each sample, values
were corrected with the GAPDH expression levels. We assigned a value “1” for
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bands with 0-20% of the maximal expression, “2” for 21-40%, “3” for
41-60%, “4” for 61-80%, and “5” for 81-100%. Comparison of group data
was done using a XZ test with Yates’ correction when values were 0 [19]. The
nonparametric Spearman rank was used to calculate the correlation coefficient.
Values of P < 0.05 were considered significant.

RESULTS

Although some contradictory results can be found in the liter-
ature, it is accepted that apoptotic events are reduced in
sarcoid granulomas, which explains the long-lasting inflamma-
tion and the lifespan of the cells involved [9-11]. Here, we
examined the molecular mechanisms that could be involved in
the inhibition of apoptosis.

For this purpose, we obtained skin biopsies from 35 subjects
(eight with acute and 11 with chronic sarcoidosis, and 16
controls) and obtained total RNA samples from each biopsy.
Samples were subjected to semiquantitative RT-PCR analysis
using oligonucleotides specific for 11 genes, and the results of
the PCR are shown in Figure 1. The quantification of the
bands was expressed as nonparametric values. Skin biopsies
were used, as they are very easy to obtain, and the granulomas
are identical to granulomas in any other tissue.

As no differences were found between samples from chronic
and acute forms of sarcoidosis in the expression of any of the
genes determined in this study, these two groups were joined to
make a unique group, which was then compared with controls.

First, we examined some members of the Bel-2 family of
genes and also expression of the tumor suppressor gene p53, as
these genes are involved in the regulation of apoptotic events in
several cellular models (reviewed in refs. [20-22]). For this
purpose, we studied the expression of proapoptotic genes such
as Bax and Bel-X, or antiapoptotic genes such as Bel-2 and
Bel-X, . Because of the reduced apoptosis in sarcoid granulo-
mas, we expected to find an increase in the expression of
antiapoptotic genes or a reduction in that of proapoptotic
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Fig. 1. Differential expression of mRNAs in biopsies of sarcoidosis. The
differential expression of the indicated genes was analyzed by RT-PCR. Total
RNA was isolated, and ¢cDNA was synthesized using oligo (dT),5 and RT.
Specific primers for each gene are indicated in Materials and Methods. All
PCR analyses were done in nonsaturating conditions (35-38 cycles in this
case). The GAPDH gene was used as an internal control. The expression of
Bel2 and Bax was negative in all the cases. CS, Chronic sarcoidosis; AS, acute
sarcoidosis; C, control.

TABLE 1. Expression of Apoptotic Genes in Patients
with Sarcoidosis and in Controls
Control Sarcoidosis
Gene Samples % Samples % P
Bax 0/16" 0 0/19" 0 N.S.
Bel-2 0/16 0 0/19 0 N.S.
BelX,, 1/16 6.25 2/19 10.5 N.S.
BelXg 2/16 12.5 2/19 10.5 N.S.
p53 2/16 12.5 0/19 0 N.S.

Positive values were considered >2. “ Statistical analysis was performed
using the x? test. * Positive/total cases. N.S., Not significant; P > 0.05.

genes. However, the expression of these genes was very low in
all the skin biopsies, and no differences were observed be-
tween control and sarcoid biopsies (Table 1), which indicates
that neither Bel-2 family members nor p53 are responsible for
the low rate of apoptosis observed in skin sarcoid granulomas.

In sarcoid cells, there is an increase in Fas and TNFR
expression [8]. As these two molecules are death receptors that
lead to apoptosis, the mechanism that protects the granuloma
from apoptosis must act by inhibiting apoptosis mediated
through these receptors. [FN-v inhibits the apoptosis induced
by lipopolysaccharide/TNF-a in macrophages, and for this to

1V and inhibition of the cell cycle

occur, expression of p2
[12, 23] are necessary. As macrophages play a critical role in
the generation of granuloma [16], and there is an increase in T
helper cell type 1 (T};1) eytokines, mainly IFN-y [17, 24], here,
we measured the expression of IFN-y and the cdk inhibitors
p21Va and p27%P! in the biopsies.

IFN-vy expression was detected in 37% of the sarcoid biop-
sies, and controls were negative (P<<0.02; Table 2), confirm-
ing previous works [17, 24]. Moreover, the frequency of ex-
pression of p21™*™" (P<<0.005) was significantly higher in the
biopsies from sarcoid patients than controls (Fig. 1 and Table
2). A high frequency of patients and controls expressed p27 !
(84% and 62%, respectively). Levels of IFN-y expression were
correlated with those of p21™*" (Fig. 2).

In previous studies in vitro, we observed that the proteogly-
can decorin present in the ECM of several tissues protects
macrophages from apoptosis [13]. The mechanism of apotosis
protection by decorin involves p21¥*! in a similar way to our
observations on IFN-y [13]. Given the highly structured con-
figuration of the sarcoid granuloma, adhesion to the ECM

components could be crucial in granuloma formation [25].

TABLE 2. Expression of IFN-y and the c¢dk Inhibitors p21 Wafl
and p27 Kipl in Sarcoid and Control Skin Biopsies

Control Sarcoidosis
Gene Samples % Samples % P
IFN-y 0/16" 0 719" 36.8 0.020
p21% 2/16 12.5 11/19 57.9 0.005
p275ipt 10/16 62.5 16/19 84.2 N.S.

Positive values were considered >2. ¢ Statistical analysis was performed
using the x? test. * Positive/total cases. N.S., Not significant; P > 0.05.
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Moreover, decorin is a potent inhibitor of fibrilogenesis [26],
and sarcoidosis is usually resolved without symptoms of fibro-
sis. We therefore studied whether components of the ECM are
also involved in the pathogenesis of the sarcoid granuloma.

Half of the controls expressed significant levels of decorin
(50%), and no differences were observed when compared with
sarcoid samples (42%). Also, no differences were found in the
proportion of subjects that expressed Collagen IV (87% and
79% in controls and patients, respectively; Fig. 1 and Table
3). Nevertheless, a highly significant difference was observed
in the number of patients that expressed high levels of fi-
bronectin (P<<0.005). Although expression of this protein was
very low in the control samples, it was detected at high levels
in almost 50% of the skin biopsies from sarcoidosis patients
(Table 3). The frequency of subjects expressing fibronectin
correlated well with genes whose expression was increased in
sarcoid samples, namely p21¥*" and IFN-y (Fig. 3).

Our results demonstrate that sarcoid granulomas show an
increase in expression of IFN-y, p21waﬂ, and fibronectin,
which could explain the long lifespan of the granuloma and
therefore the pathogenesis of the disease. To establish whether
the increase in the expression of these genes was a local effect
inside the granuloma or a general effect, we analyzed the
expression of these genes in mononuclear cells from peripheral
blood of some patients. As expected, the increase in the
expression of all these genes was only a local event in the
sarcoid granuloma and did not affect circulating immune cells.

To confirm the possible involvement of p21¥*! in the inhi-
bition of apoptosis inside the sarcoid granuloma, we performed
immunohistochemistry staining of paraffinated sections of the
tissue. Although high expression of p21%V*! reactivity was
detected inside the granuloma (Fig. 4A), none was detected in
the adjacent tissue. To control the origin of the cells inside the
granuloma, we stained them with an anti-CD14 and anti-CD45,
indicating that these cells are of macrophage origin (Fig. 4B).
These findings confirm our RT-PCR results and the involve-
1 Wafl

ment of p2 in the pathogenesis of skin sarcoidosis.

Finally, to confirm that the immune cells with high expres-
A inside the granuloma are macrophages,
1 Wafl

sion levels of p21%™
we analyzed in vitro the p2 expression induced by IFN-y

in several human cell types representative of the cells involved

5
— 4—
§ 3—1 O Control
§ 27 ® Sarcoidosis

1- oo @

% r=10.60, p<0.05
0 T 1 T T
0o 1 2 3 4 5
IFNy

Fig. 2. Correlation between p21V*! and IFN-y expression. The Spearman

rank correlation coefficient was used to calculate the correlation coefficient

afl

between the levels of expression of IFN-y and p21V*™ in skin biopsies.
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TABLE 3. Expression of ECM Components in Sarcoid
and Control Skin Biopsies

Control Sarcoidosis
Gene Samples % Samples % P
Decorin 8/16° 50 8/19 42.1 N.S.
Fibronectin 0/16 0 9/19 47.4 0.005
Collagen 1V 14/16 87.5 15/19 78.9 N.S.

Positive values were considered >2. ¢ Statistical analysis was performed
using the x? test. b Positive/total cases. N.S., Not significant; P > 0.05.

in granuloma. After stimulation with 100 units of IFN-vy, the
: Wafl . .

expression of p21 was induced only in human macrophages

(Fig. 5), confirming our previous results in mice [12]. This

observation together with the fact that the p21™*" staining with

the CD14 and CD45 markers (Fig. 4) was done in a compact

structure inside the granuloma indicate that macrophages are

the inflammatory cells inside the granuloma that express the
high levels of p21Va'!,

DISCUSSION

Macrophages play a crucial role during immune response.
These cells are transported by blood to inflammatory foci in
tissues where they remain until the disappearance of the in-
flammation [27]. Usually, inflammation is resolved by the elim-
ination of the cells involved, such as neutrophils, activated
lymphocytes, or macrophages, mainly through apoptotis [5].
However, during active inflammation, macrophages must sur-
vive inasmuch of the stressing conditions present in the in-
flammatory foci (including oxidative stress and growth-factor
deprivation).

Although IFN-vy is present at the inflammatory foci produced
by natural killer cells and Tj;1-activated lymphocytes, macro-
phages may be protected from apoptosis [12]. Recently, a new
component in the protection of macrophage apoptosis has been
introduced in this scenario, which is ECM proteoglycan
decorin. The attachment of this protein to macrophages pro-
tects them from apoptosis [13]. Therefore, the extracellular
milieu in the inflammatory foci (cytokines, ECM proteins)
determines cell survival and thus the duration of the inflam-
matory response. Modification of this equilibrium could result
in the resolution or the persistence of inflammation. This could
be the case of sarcoidosis, the pathogenesis that involves the
formation of granulomas. In this context, we explored whether
our results in vitro [12, 13] correlate with those obtained in
vivo by using biopsies from sarcoidosis patients.

Sarcoid granulomas show a reduction in the number of
apoptotic events [28, 29] in relation to acute inflammatory
processes, which could affect at least 80% of the cells [5, 27].
Moreover, the presence of apoptotic events in sarcoidosis cor-
relates with the spontaneous resolution of inflammation and the
elimination of the granuloma [28, 29], which indicates that the
persistence of the granuloma correlates with a reduction of
apoptosis. This could explain why we did not detect differences
in the apoptotic gene expression pattern between acute and

http://www.jleukbio.org



O Control

® Sarcoidosis

p21 waf-1

r=0.65, p<0.005
0 T T T T 1
2 3 4 5

Fibronectin

5_
47 0 Control
> 3_
é ® Sarcoidosis
2_
14 o 60
= 0.50, p<0.005
0 I I I I I
01 2 3 435
Fibronectin

Fig. 3. Correlation between expression of fibronectin and p21™*" or IFN-y. The Spearman rank correlation coefficient was used to calculate the correlation

coefficient between the levels of expression of fibronectin and p21¥*™ (A) or fibronectin and TFN-y (B) in skin biopsies.

chronic sarcoidosis, as both samples were obtained from pa-
tients with active illness.

Here, we analyzed members of the Bel-2 family and the p53
gene, which are involved in several apoptotic pathways [20—
22]. We did not observe any difference in the expression of
these genes. Our results do not agree with previous reports that
showed an increase in Bel-2 gene members [11, 30] or p53 [9,
31] in sarcoid samples. This difference could be related to the
tissues used. In these studies, gene expression was analyzed in

A
Control Ig

Haematoxilin

Anti-p2Wall

B

lung tissue or cells from bronco-alveolar lavages. These sam-
ples contained alveolar macrophages, which are totally differ-
entiated cells from macrophages from blood that reach inflam-
matory loci in skin. In these studies, the increase in the
expression of p53 or Bcl-2 members in sarcoidosis samples
correlates with the presence of apoptotic cells and with the
resolution of inflammation [9, 28]. This phenomenon was not
observed in our biopsies, and therefore, the two situations
cannot be compared.

Fig. 4. Immunohistochemical analysis of p21%*"
expression in a skin biopsy of a patient suffering from
sarcoidosis. (A) Immunohistochemical staining was
performed with a monoclonal mouse anti-human
p21¥*1 antibody, as described in Materials and
Methods. Control sections were stained with nonim-
mune mouse immunoglobulin (Ig) G showing a posi-
tive signal. (B) Immunohistochemical staining was
performed with an anti-CD14 antibody labeled with
fluorescein and an anti-CD45 antibody labeled with
rhodamine, as described in Materials and Methods.
All sections were contrasted by haematoxilin stain-
ing. C, Control, nongranulomatous area; Gr, granu-
loma area. Original magnification, 400X.

Anti-CD45 Anti-CD14
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Fig. 5. In vitro induction of p21V*™ expression by IFN-y. The indicated
human cell lines were incubated with IFN-y (100 U/ml) for 24 h, and mRNA
expression was measured by Northern blot (20 wg total RNA per lane).
Expression of GAPDH was used as a control for RNA loading and transfer.

In sarcoidosis, there is a prevalence of Tyl lymphocytes,
which produce increased levels of Tyl-type cytokines (our
results and refs. [16, 17, 32]). However, only IFN-y plays a
crucial role in the development of granulomas. This is sup-
ported by experimental data reported by Gudmundsson and
Hunninghake [33], who showed that it is not possible to induce
the formation of granuloma in mice in which the IFN-y gene
has been disrupted by homologous recombination.

In our in vitro studies, we showed that the protective effect
of IFN-vy is mediated by blocking cell-cycle progression and
the induction of p21¥*"" [12]. Using RT-PCR and immunohis-
tochemic analysis, we demonstrate that p21V*!! is up-regulated
in sarcoid patients and that this increase correlates with the
levels of IFN-y. Moreover, we show that the increase in
p21Va expression is a local event inside the granuloma but
not a systemic effect, as circulating leukocytes from sarcoid
patients did not overexpress this molecule. In the target organ
(in our study, the skin), the T};1 cytokine milieu allows for the

1V and thus the survival of macrophages in the

increase of p2
granuloma.

Cell survival is also regulated by adhesion to components of
the ECM [34—-36]. In our in vitro experiments, we found that
binding macrophages to decorin inhibits apoptosis through a
p21Ve_dependent pathway [13], similar to our observations
with TFN-y. Also, adhesion of macrophages to decorin in-
creases their activity (manuscript submitted). As decorin also
inhibits fibrosis [26], another characteristic of sarcoidosis, we
suspected that decorin plays a key role in the formation of the
granuloma. However, we did not detect an increase in the
proportion of patients who express decorin.

Another component of the ECM, fibronectin, was highly
expressed only in sarcoid samples and correlated with the
expression of IFN-y and p21V*'. However, macrophage acti-
vation by ITFN-v does not increase the expression of fibronectin
[13], and binding to this protein does not induce the expression
of p21V! or offer protection from apoptosis [13].

Fibronectin is a component of the inflammatory reaction and
may play a key role in the formation and persistence of gran-
ulomas. Blood monocytes migrate in response to fibronectin
[34-36], which promotes their differentiation to tissue macro-
phages [37, 38]. Macrophages secrete fibronectin at the inflam-
matory loci and then firmly attach to the loci [13, 38], a process
that is necessary for the high structuration of the granuloma.
Moreover, fibronectin enhances activation of adjacent T lym-
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phocytes [39, 40], which increase the production of IFN-y. The
increase in IFN-y production is the clue in the induction of
p21Va1 [12], the latest responsible for reduction in the rate of
apoptosis [12, 13].

Thus, together with fibronectin, the increase in IFN-y and
1Waf1

the induction of p2 could be the main agents responsible

for the long lifespan of cells inside the granuloma and thus, for
the long-lasting inflammation observed in sarcoidosis.
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