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Inflamed gingival tissues are enriched in macro-
phages (M0s) and CD4-positive Tcells; however,
Thelper-type cytokines such as interleukin (IL)-2
and IL-4 are absent. Therefore, we investigated
whether a relationship exists between IL-4 re-
ceptor (IL-4R) expression and M0persistence in
the absence of exogenous IL-4. Gingival M0s,
when compared with monocyte(MN)/M0s from
peripheral blood mononuclear cells, expressed
high levels ofIL-4R mRNA. Furthermore, in vitro
cultures of gingival M0s remained viable
whereas identically treated peripheral blood
MN/M0s rapidly lost viability. However, when
gingival M0s were incubated with recombinant
IL-4 (rIL-4), the cell viability was dramatically
reduced. When the frequency of apoptotic cells
was assessed in rIL-4-treated gingival M0 cul-
tures, higher numbers of apoptotic cells were
noted in rIL-4-treated versus control cultures.
Furthermore, rIL-4-treated M0s from injlamed
gingiva showed DNA fragmentation as assessed
by electrophoresis. These findings clearly show
that addition of exogenous rIL-4 to gingival M0
cultures leads to cell death by apoptosis. This
finding would suggest that topical application of
rIL-4 may inhibit the persistence ofM0s in adult

periodontitis, which could then lead to de-
creased inJfammationL (Am J Pathol 1996,
148:331-339)

In recent years, immunological studies have focused
on the elucidation of molecular mechanisms for the
regulation of the life cycle of leukocytes in normal
and diseased situations. It has now become clear
that the mechanisms resulting in cell death are more
complicated than had been appreciated. Two dis-
tinct pathways by which eukaryotic cells undergo
cell death are recognized, ie, necrosis and pro-
grammed cell death, or apoptosis.1 The former cell
death pathway can be induced by direct (or indirect)
damage to the cell membrane, such as exposure to
poisons or physical injury. The latter form of cell
death is essential for the maintenance of appropriate
cell numbers in the host. The process of pro-
grammed cell death is characterized by chromatin
condensation, DNA fragmentation, and membrane
blebbing. Recently, it was shown that cultivation of
monocytes (MNs) from peripheral blood mononu-
clear cells (PBMCs) without any stimulus resulted in
the induction of rapid apoptosis.2,3 However, the
addition of microbial components, eg, lipopolysac-
charide (LPS) or proinflammatory cytokines, eg, in-
terleukin (IL)-1 and tumor necrosis factor-a to these
MN cultures reduced the frequency of cells under-
going apoptosis.3 On the other hand, IL-4 has been
shown to induce apoptosis in peripheral blood MNs
when incubated with IL-1, tumor necrosis factor-a, or
LPS.4
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IL-4 is a key cytokine for the growth and prolifer-
ation of B lymphocytes. This cytokine also possesses
additional regulatory effects for MN/M0s. For exam-
ple, IL-4 suppresses the ability of MN/M0s to pro-
duce cytokines, prostaglandin E2, or H202.12 On
the other hand, IL-4 is capable of inducing major
histocompatibility complex class 11 expression and
adhesion molecules of MN/M0s.5 Thus, it is clear
that IL-4 is an important cytokine for regulation of
MN/M0 function in localized inflammatory sites. In
this context, our previous studies have shown that
gingival mononuclear cells isolated from adult peri-
odontitis (AP) patients produce the cytokines infer-
feron (IFN)-y, IL-5, and/or IL-6 but not IL-2 and IL-
4.13 Furthermore, it was also shown that high
numbers of M0s occur in the inflamed gingival tis-
sues of patients with AP and contribute to the local-
ized inflammation.14,15
We have tested the hypothesis that the lack of IL-4

may in fact be related to the persistent occurrence of
M0s at sites of inflammation such as in AP. To ad-
dress this point, M0s isolated from inflamed peri-
odontal tissue of AP patients were assessed for the
expression of IL-4 receptor (IL-4R) by reverse tran-
scription polymerase chain reaction (RT-PCR) using
capillary electrophoresis. The isolated M0s were
then incubated either in the presence or absence of
human recombinant IL-4 (rlL-4) and assessed for
apoptotic cell death by acridine orange and ethidium
bromide staining and by DNA electrophoresis. Our
results provide an explanation for the persistence of
M0s in localized tissues of AP patients and suggest
that cytokines such as IL-4 may be used in noninva-
sive therapy.

Materials and Methods

Preparation of Gingival M0s and Peripheral
Blood MNs

Gingival mononuclear cells (GMCs) were obtained
from patients in the severe stage of AP previously
described.1315-17 Briefly, GMCs were isolated from
surgically extirpated gingival tissues by the Dispase
digestion method. GMC or peripheral blood MN sus-
pensions in serum free Dulbecco's minimal essential
medium (DMEM; GIBCO, Grand Island, NY) were
added to 24-well plates (Corning Glass Works, Corn-
ing, NY) and incubated for 1 hour in a humidified
370C, 5% CO2 atmosphere. After incubation, nonad-
herent cells were removed by extensive and vigor-
ous washing of wells with serum-free DMEM. To
harvest the adherent MN/M0s, the cell monolayers

were incubated with ice-cold phosphate-buffered
saline (PBS) containing 0.02% EDTA for 10 minutes.
The MN/M0s were then removed by vigorous pipet-
ting. The cell viability of MN/M0 preparations as
determined by trypan blue dye exclusion was >98%.
The adherent MN/M0 fraction was also examined by
flow cytometry using the monoclonal antibody Leu
M3. Greater than 95% of cells were Leu M3+.

IL-4R-Specific RT-PCR
The RT-PCR for analysis of IL-4R mRNA was per-
formed as previously described.13"8 Briefly, for the
isolation of RNA the acid guanidinium thiocyanate
phenol chloroform extraction procedure was used.
These RNA preparations from MN/M0s were then
subjected to the IL-4R-specific RT-PCR. Total RNA
from MN/M0s was added to a reaction mixture con-
taining 5 mmol/L MgC12 (Perkin Elmer Cetus, Nor-
walk, CT), 1X PCR buffer 11 (Perkin Elmer Cetus), 1
mmol/L each of dNTPs (Perkin Elmer Cetus), 1 U/Ipu
RNAse inhibitor (Promega, Madison, WI), 2.5 U/gl
Moloney murine leukemia virus reverse transcriptase
(GIBCO), and 2.5 ,umol/L oligo d(T)16 (Perkin Elmer
Cetus). Samples were then placed on a thermal cy-
cler (Perkin Elmer Cetus) and incubated for 15 min-
utes at 42°C, followed by 5 minutes at 990C and then
5 minutes at 5°C. After reverse transcription, RT
products were added to each tube with AmpliTaq
DNA polymerase (1.25 U/50 ,ul), 5' primer (0.15
,mol/L), 3' primer (0.15 ,umol/L), MgC12 (2 ,umol/L)
and 1X PCR buffer 11 (Perkin Elmer Cetus). Primer
specific for IL-4R (5' primer, TGAAGTCTGGGATT-
TCCTACAGGGCACG; 3' primer, TCAAACAACTC-
CACACATCGCACCACGC) was obtained from Clon-
tech Laboratories (Palo Alto, CA) and j-actin (5'
primer, ATGGATGATGATATCGCCGCG; 3' primer,
CTAGAAGCATTTGCGGTGGACGATGGAGGGG-
CC) was prepared by the University of Alabama at
Birmingham Oligonucleotide Core Facility. After
heating at 950C for 2 minutes for initial denaturation,
cDNAs were amplified for 35 cycles (950C for 1
minute and 600C for 1 minute). At the end of 35
cycles, products were held at 600C for 7 minutes and
then stored at 4°C.

Capillary Electrophoresis Analysis
For the quantitative analysis of RT-PCR products,
capillary electrophoresis with a laser-induced fluo-
rescence detection system (LIF-P/ACE, Beckman In-
struments, Fullerton, CA) was applied.19,20 An argon
ion laser source with excitation at 488 nm and emis-
sion at 530 nm was used for laser fluorescence
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detection. Separations were carried out in the re-
versed polarity mode. Analysis of RT-PCR products
was conducted by using a coated capillary tube
(internal diameter, 100 ,um; length, 37 cm; Beckman
Instruments) in Tris-borate EDTA containing replace-
able linear polyacrylamide and the fluorescent inter-
calator (0.4 ,tg/ml). A 10 ,ul volume of PCR products
was diluted by 40 Atl of double-distilled water and
injected hydrodynamically for 10 seconds at 0.5 psi.
RT-PCR products were run for 25 minutes at 200
V/cm. The level of IL-4R mRNA was normalized to the
corresponding ,3-actin value.

Culture System
Gingival M0s and peripheral blood MNs were resus-
pended in DMEM containing 10% fetal calf serum
and cultured at cell concentration of 2 x 105/ml in
12- x 75-mm polypropylene tubes (Falcon, Becton
Dickinson, NJ) to avoid spontaneous activation by
adherence during the incubation period.21 Different
concentrations (O to 200 ng/ml) of rlL-4 (Genzyme,
Cambridge, MA) were added to these MN/M0 cul-
tures. In some cases, MN/M0s were cultured in the
presence of Escherichia coli LPS (10 ng/ml; Sigma
Chemical Co., St. Louis, MO) exactly as described
by others.3

DNA Analysis by Flow Cytometry
To determine DNA content, nuclear double-stranded
DNA in MN/M0s was disclosed by staining with pro-
pidium iodide and analyzed by flow cytometry as
previously described.18 Briefly, MN/M0s were fixed
by 70% ethanol. The cells were then incubated for 30
minutes at 370C in the presence of 250 ,ul of RNAse
(500 U/ml; Sigma). A 250 gl aliquot of propidium
iodide (50 ,tg/ml; Poly Sciences, Warrington, PA)
was added to individual samples and incubated for
30 minutes at room temperature. All samples were
then analyzed by flow cytometry to determine Go and
G1, S, and G2 plus M phases of cell cycle in MN/M0
preparations.

Analysis ofApoptotic Cells
To evaluate the proportion of apoptotic versus ne-
crotic cells induced by incubation with rlL-4, the
acridine orange/ethidium bromide staining method
was applied.22 Cultures of MN/M0s (1 x 104 to 1 x
105 cells/25 ,ul) were mixed with a solution of 1 ,ul of
acridine orange (100 ,ug/ml in PBS; Sigma) and
ethidium bromide (100 ,ug/ml in PBS; Sigma) and a
10 ,ul aliquot was placed on a microscope slide

(Corning Glass Works) and covered with a coverslip.
Apoptotic cells were assessed with a 40x or 60X
dry objective fluorescence microscope (Nikon, To-
kyo, Japan).
The percentage of apoptotic and necrotic cells

were calculated as follows: VN, viable cells with nor-
mal nuclei; VA, viable cells with apoptotic nuclei;
NVN, nonviable cells with normal nuclei; NVA, non-
viable cells with apoptotic nuclei. The percentage of
apoptotic cells = (VA + NVANN + VA + NVN +
NVA) x 100; the percentage of necrotic cells =
(NVNNN + VA + NVN + NVA) x 100; and the
percentage of dead cells = (NVN + NVANN + VA +
NVN + NVA) x 100.

Assessment of DNA Fragmentation
As an additional parameter of apoptosis, DNA frag-
mentation was assessed by electrophoresis accord-
ing to the method previously described.23 Briefly,
MN/M0s (2 x 106 cells) were centrifuged after incu-
bation with or without rlL-4. The cells were then
washed twice in ice-cold PBS and lysed with Triton
X-100/Tris buffer. DNA was extracted with phenol/
chloroform/isoamyl alcohol (25:24:1). After the 1.1
mol/L ammonium acetate and 50% isopropanol
treatment, DNA was mixed with 1 ,ug/ml DNAse-free
RNAse (Boehringer Mannheim, Indianapolis, IN) and
0. 1% sodium dodecyl sulfate (SDS). The sample was
re-extracted and re-precipitated by the same proce-
dure. The DNA samples were then resuspended in
Tris-EDTA buffer and loading buffer containing 50%
glycerol, 15 mmol/L EDTA, 2% SDS, and 0.05%
bromphenol blue. Individual samples were next in-
cubated for 10 minutes at 600C and then electropho-
resed in 1% agarose containing 1 ,ug/ml ethidium
bromide in a 40 mmol/L Tris-acetate and 1 mmol/L
EDTA buffer, pH 8.0, for 60 minutes at 80 V. The
bands of DNA were visualized by ultraviolet light and
photographed with a Polaroid camera.

Statistics
The results were analyzed statistically by Student's
t-test.

Results

Viability of Gingival and PBMC MN/M0s in
Vitro
Inasmuch as previous studies showed that unstimu-
lated peripheral blood MNs in vitro die by apoptosis
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Table 1. MN/M0s Isolated from Injiamed Gingival Tissues Are in Higher Stages of Activation when Compared
with PBMC MNs

Cell cycle analysis (%) Cell viability (%)
MN/M0s

Inflamed gingiva
Peripheral blood

GO/G1
82.6 ± 2.5
96.3 + 0.6

S + G2/M

17.3 + 2.5
3.7 + 0.6

24 hours

84.6 ± 1.8
54.2 + 3.6

48 hours

72.4 + 2.1
38.1 + 2.8

Freshly isolated gingival and peripheral blood MN/M0s from the same patients were incubated with propidium iodide for the analysis of
cell cycle stage by flow cytometry. Cell viability was examined after incubation for 24 or 48 hours. Freshly isolated MN/M0s from inflamed
gingiva and peripheral blood of patients possessed greater than 98% cell viability.

within 24 to 48 hours,2'3 it was important to determine
whether MN/M0s isolated from inflamed gingival tis-
sues would follow the same route of cell death with-
out exogenous stimulation in vitro. In the first study,
MN/M0s were isolated from inflamed gingival tis-
sues and were also separated from PBMCs. The
purified MN/M0s were cultured for 48 hours without
exogenous stimulation and were stained with
ethidium bromide for the assessment of cell viability.
After 48 hours of incubation, M0s isolated from in-
flamed gingiva maintained a good cell viability (70 to
80%). In contrast, more than 60% of peripheral blood
MNs died during this 48 hour period (Table 1). As it
has been shown that viability of peripheral blood
MNs is improved when cultured on polystyrene
plates or in the presence of LPS and IL-1,3 our re-
sults suggest that MN/M0s isolated from inflamed
gingiva could be in a higher stage of activation when
compared with MN/M0s from peripheral blood. In
support of this, cell cycle analysis revealed that ap-
proximately 17% of gingival M0s were in S plus
G2/M phase of the cell cycle, whereas less than 4%
of peripheral blood MN/M0s were in S plus G2/M
phase (Table 1). Furthermore, our separate study
showed that gingival MN/M0s from inflamed tissues
expressed higher levels of inflammatory cytokine-
specific (eg, IL-6) mRNA in comparison with periph-
eral blood MN/M0s (data not shown). Taken to-
gether, these findings demonstrated that M0s in
inflamed gingiva are activated.

Expression of IL-4R by Gingival M0s
To study the effect of IL-4 on M0s isolated from
inflamed gingival tissues, it was important to deter-
mine whether isolated M0s express IL-4R. For this
purpose, RNA samples were obtained from MN/M0s
of inflamed gingiva or the PBMCs of AP patients for
the examination by IL-4R-specific RT-PCR using
capillary electrophoresis. The levels of IL-4R-specific
message were significantly higher in RNA isolated
from gingival M0s when compared with MN/M0s
from PBMCs of the same patient (Figure 1). How-

ever, when MN/M0s from the PBMCs were incu-
bated with an optimal concentration of LPS, the lev-
els of IL-4R increased and were comparable to or, in
some cases, higher than those of gingival M0s.
These findings suggested that the environment of
chronic inflammation caused by the ubiquitous bac-
terial microflora most likely induces IL-4R expression
on gingival M0s.

A Gingival MN / M0

c

eF

0

Peripheral Blood Peripheral Blood
MN / M0 MN / M0 + LPS

2 IL-4R 2 2 IL-41

IL-4R

15 20T m1

is 20 15 20 15 20

Time (min)

B
Gingival
MN/M0

Peripheral Blood
MN IM0

Peripheral Blood
MN J M0 + LPS

0 20 40 60

Relative Peak Area (0-actin=100)
Figure 1. Characterizationi of IL-4R-specific message from gingival
MN/M0s by cytokine-speccific RT-PCR using capillary electrophoresis.
MINIM0s were isolated from iniflamned gingita or PBMCs of the sanie
patienit. An1 aliquiot ofpcripheral bloodMN/M0s w2tas stimulated with 10
ng of E. coli LPS for 48 hors. The RNA samples were obtained from
ginigival and peiphberal blood MN/M0s for IL-4R-speccific RT-PCR. The
level of specific message was determined by the anlalvsis of PCR-
aniiplified produicts uising ccapillary electrophoresis (A). The level of
IL-4R was expressed as relativepeak area based oni the value of,-actin
( ,-actin = 100; B).
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Figure 2. Cell viability in IL-4-treated Ml0.% isolated fromn inflamnecl
gingical tissues. MOs were incubated with dyfjfrent concentratiosls of
rIL-44or 48 houars antd cells were then staincd witb ethidiuim bromide.
The values are the mean cell aiabilitv + SD (n = 3). P < 0.01.

Lethal Effects of IL-4 for Gingival M0s
As IL-4 has been shown to induce programmed cell
death (apoptosis) in stimulated peripheral blood
MNs,4 the effect of IL-4 on IL-4R+ M0s isolated from
inflamed gingival tissues was next examined. When
different concentrations of IL-4 (0 to 200 ng/ml) were
added to gingival M0 cultures, the percentage of
cell viability decreased in a dose-dependent fashion
(Figure 2). Thus, a decline in cell viability was al-
ready noted in cultures containing as little as 2 ng/ml
rlL-4. Furthermore, 200 ng/ml rlL-4 reduced gingival
M0 viability from 70 to 80% down to 40%.

Induction ofApoptosis in Gingival M0s by
rIL-4
From the results described above, exogenous IL-4
induced cell death in gingival M0 cultures. As the
death of eukaryotic cells occur by either necrosis or
apoptosis, these rlL-4-treated gingival M0s were ex-

amined for the appearance of necrotic or apoptotic
cells by acridine orange and ethidium bromide stain-
ing. The frequency of apoptotic cells with character-
istics of chromatin condensation were increased in
cultures containing gingival M0s and rlL-4. As little
as 2 ng/ml rlL-4 induced apoptotic cells in gingival
M0s (Figure 3). Furthermore, approximately 60% of
rIL-4-treated cells became apoptotic when a 200
ng/ml concentration of the cytokine was used. In
contrast, the frequency of necrotic cells did not
change (Figure 3). Thus, approximately 10% of cul-
tured cells died by necrosis regardless of whether
they were treated with IL-4 or not.

To further confirm these results at the moleculer
level, DNA electrophoretic analysis was performed,
because a particular feature of apoptosis is the oc-
currence of fragmentation of nuclear DNA. Freshly
isolated M0s from inflamed periodontal tissue did
not show any DNA fragmentation. On the other hand,
strong cleavage of DNA into 180- to 200-bp frag-
ments was seen in gingival M0s cultured with rlL-4.
Untreated M0s exhibited a low frequency of DNA
fragmentaion when compared with gingival M0s cul-
tured with rlL-4 (Figure 4). These results indicated
that exogenous IL-4 induced programmed cell death
in IL-4R+ M0s isolated from inflamed gingival tis-
sues.

Kinetics ofApoptosis in IL-4-Treated
Gingival M0s
As IL-4 was shown to be capable of inducing pro-
grammed cell death in gingival M0s, it was impor-
tant to evaluate the kinetics of the rlL-4 effect on
gingival M0s. Thus, gingival M0s were cultured with
200 ng/ml rlL-4 for periods of up to 48 hours (Figures
5 and 6). After only 6 hours of incubation with rlL-4,
the frequency of dead cells with characteristics of
apoptosis was increased when compared with un-
treated M0 cultures (Figure 5). Furthermore, the per-
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Figure 3. Comparison of the frequencv of IL-4-
induced apoptotic or necrotic cells in inflamed
gingival M0s. M0s uwere incubated unith differ-
enit concentrationzs of rIL-4 for 48bhours. After
inicuibation, the cells wvere stainted with acridinie
orange and ethidium bromidefor the analysis of
apoptotic and necrotic cells. Values are the
mcan percenitage of apoptotic (or necrotic) ccells
+ SD(n = .3). *1P < 0.01.
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1 : Freshly isolated
2 : 48hr culture without IL-4
3 : 48hr culture with IL-4 (200ng)
4 : 48hr culture with IL-4 (20ng)
5 : 48hr culture with IL-4 (2ng)

Figure 4. Electrophoretic analysis ofDNA isolatedfrom inflamed gingival MOs. MOs were inctubatced uwith different concentrations of rIL-4J6r 48
hou(rs. After incubation, DNA was isolated from 2 X 106 cells and electropboresed in a 1% agarose gel.

centage of apoptotic cells consistently increased af-
ter 48 hours of incubation. Thus, the frequency of
apoptotic cells reached 60 to 70% by 48 hours of
incubation with rlL-4 (Figure 5). In contrast, the fre-
quency of apoptotic cells did not change after 48
hours of incubation in cultures that did not contain
rIL-4 (Figure 5). It was also important to note that the
percentage of necrotic cells did not increase in IL-
4-treated M0 cultures (Figure 6). However, a higher
frequency of necrotic cells was observed in un-
treated cultures after 24 to 48 hours of incubation in
comparison with cultures containing rIL-4 (Figure 6).
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These results suggest that the effect of IL-4 for the
induction of apoptosis in gingival M0s occurred as
early as 6 hours, and a higher frequency of apoptotic
cells was seen at 48 hours of incubation.

Discussion
A major characteristic of chronically inflamed lesions
is the presence of MNs and especially activated
M0s. MNs recruited from the blood circulation into
these lesions mature into M0s upon exposure to
various stimuli including cytokines or microorgan-
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Figure 5. Kinetics for developoment of apoptotic cells in inflamed gin-
gival M0s. MOs were incuibatedl with or without rIL-4 for diffi'rent
periods atd, after cuiltuire, the cells were stainied iwith acridiule oranige
and ethidiumn bromide. Valuies are the umeamn percentage of apoptotic
cells + SD (n = 3). P < 0.05, **1 < 0.01.
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Figure 6. Kinetics for development of necrotic cells in inflamed gingi-
val MOs. M0s were in7cubated with or without rIL-4 ]br different
periods amid the cultured cells werw stained with acnidiie oranIge anid
ethidium bromide. Values are the mnean percentage of necrotic ccells ±
SD(nu= 3). *P< 0.05.
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isms and their degradation products (eg, LPS).24
Our present study provides new evidence that the
resident M0s in inflamed gingiva, which are ex-
posed to abundant microorganisms, express high
levels of IL-4R (Figure 1). On the other hand, circu-
lating MN/MOs in peripheral blood exhibit only low to
undetectable levels of IL-4R. Although gingival M0s
function in the removal of foreign products including
pathogenic bacteria at the site of infection, the per-
sistent occurrence of activated M0s also exacer-
bates the destruction of host tissues. As the inflamed
gingival lesion (eg, AP) is characterized by damage
of connective tissue and resorption of alveolar bone
caused in part by activated MOs,25 we have exam-
ined the molecular environment (eg, cytokines) that
provides optimal conditions for the accumulation
and survival of MOs in these disease sites.

Our previous studies have shown that GMCs iso-
lated from inflamed gingiva of patients with AP ex-
pressed a unique profile of T helper (Th)i and Th2
cytokine mRNA.13 Thus, messages for IL-5 and IL-6
were noted, although mRNA for IL-2 or IL-4 was not
detected by cytokine-specific dot-blot hybridization
or by RT-PCR. Nevertheless, immunohistochemical
analysis provided evidence for the occurrence of
IL-4-producing cells.26 It should be indicated that
secreted IL-4 was not assessed in that study.26 Fur-
thermore, IL-4 appears to be lacking in other chronic
inflammatory lesions such as rheumatoid synovitis.21
These findings clearly suggest that a lack of IL-4 (or
reduced IL-4 synthesis) occurs in the local disease
site. As IL-4 has been shown to down-regulate MOs
and MNs,5-12 a lack of IL-4 may contribute to the
persistent accumulation of MOs in chronically in-
flamed gingival tissue.

Our present findings clearly support a relation-
ship between persistence of gingival IL-4R+ MOs
in the absence of IL-4. For example, incubation of
MOs isolated from inflamed gingiva without any
co-stimuli resulted in the maintenance of good cell
viability whereas identically treated PBMC-derived
MNs underwent cell death (Table 1). This finding
supports studies by others that MOs isolated from
the inflamed tissues are in an activated stage. For
example, it was shown that M0s in the inflamed
gingiva expressed high levels of major histocom-
patibility complex class 11 (eg, HLA-DR)28 and are
actively producing cytokines such as IL-1.29 In
addition, our present study demonstrated that gin-
gival MOs isolated from inflamed tissues ex-
pressed a high message level for IL-4R (Figure 1).
When these activated IL-4R+ M0s were isolated
from inflamed gingival tissues and then treated
with rlL-4, the frequency of dead cells was in-

creased (Figure 2). This was a result of the induc-
tion of apoptosis by rlL-4 as the number of apop-
totic cells was increased in rlL-4-treated gingival
M0 cultures (Figure 3). Furthermore, DNA frag-
mentation was also noted in these rlL-4-treated
cells (Figure 4). These findings suggest that al-
though MOs that reside in the local inflammatory
lesion are expressing IL-4R and are sensitive to
the effect of IL-4, the lack of this cytokine prevents
the activated IL-4R+ MOs from becoming apop-
totic.

Our present study has provided the first evidence
that M0s isolated from inflamed gingiva express
significant mRNA for IL-4R. This finding would further
support the concept that activated M0s in the local
disease site express IL-4R and are responsive to
IL-4 normally provided by adjacent T cells, ie, Th2-
type cells. Nevertheless, although Th2-type cells
producing IL-5 and IL-6 are present, these do not
make IL-4 in inflamed gingival tissues. In this regard,
our separate study showed that CD4+ T cells iso-
lated from inflamed gingival tissues did not express
mRNA for IL-4.30 However, other Th2-type cytokines
such as IL-5, IL-6, and IL-13 were consistently found.
In addition, strong message for IFN-y was always
detected in RNA isolated from gingival CD4+ T cells.
Others have also shown that IFN-y message was
expressed by GMCs from patients with AP.31 As
IFN-y has been shown to up-regulate MOs,"2'33 the
continuous production of this cytokine by Thi-type
cells may create a suitable environment for accumu-
lation of activated MOs in periodontal tissue inflam-
mation. Furthermore, it has also been demonstrated
that IFN--y can inhibit MN/MO cell death and DNA
fragmentation.4 Likewise, the absence of IL-4 at the
local disease site could be an additional contributing
factor for the continuous occurrence of MOs in in-
flamed disease. Taken together, a lack of IL-4 to-
gether with enhanced IFN-y production by Thi-type
gingival CD4+ T cells may lead to destructive path-
ways through activation of MOs and release of sol-
uble mediators.

Our present study demonstrated that IL-4 could in-
duce programmed cell death in ex vivo MO cultures
from inflamed periodontal tissues. To this end, it was
previously shown that IL-4 induced apoptosis in LPS-
or IL-1-stimulated human MNs and MOs from periph-
eral blood.4 In this regard, one can postulate that MNs
recruited from the blood circulation to the disease site
become activated IL-4R+ MOs upon exposure to LPS
from periodontal disease-associated microorganisms
(eg, Porphyromonas gingivalis). Dysregulated Th1 - and
Th2-type cytokine synthesis, increased IFN-y produc-
tion, and lack of IL-4 synthesis create a pathological
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environment for M0s. Thus, it is possible that exoge-
nous local application of IL-4 might be beneficial for
resolution of this diseased tissue. To this end, it has
been shown that systemic administration of IL-4 inhibits
development of inflammation in experimental arthri-
tis.34 As IL-4 appears to provide beneficial effects for
prevention or reduction of pathology inflammation, one
could consider treatments that reverse dysregulated
Th1 - to Th2-type cytokine (IL-4) responses by localized
CD4+ T cells. This would provide a novel treatment
regimen to correct inflamed gingival tissues. Further-
more, it is equally feasible to consider the topical ap-
plication of rlL-4 to the diseased tissue sites.
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