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Serum levels of soluble intercellular adhesion molecule-l, soluble interleukin-2 receptor, and cytokines such as 

interleukin-3, interleukin-4, interleukin-6, tumor necrosis factor-a, and granulocyte-macrophage colony-stimulating factor were 

examined in patients with oral disorders with 20 healthy persons used as control subjects. Patients studied included 30 with 

squamous cell carcinoma, 26 with oral lichen planus, 20 with recurrent aphthous ulcer, 19 with acute odontogenic bacterial 

infection, 16 with pseudomembranous candidiasis, and 16 with herpetic gingivostomatitis. Compared with levels in control 

subjects, detectable serum levels of interleukin-3 (2 10 pg/ml) existed more frequently in pseudomembranous candidiasis 

(13/16), acute odontogenic bacterial infection (14/19), and squamous cell carcinoma (24130) and of granulocyte-macrophage 

colony-stimulating factor (84 pg/ml) more frequently in recurrent aphthous ulcer (15/20) and squamous cell carcinoma (21130). 

These cytokine levels were increased with T stage of squamous cell carcinoma. About 20 pg/ml of interleukin-4 was detected 

in serum from one third to one fourth of patients with oral lichen planus, recurrent aphthous ulcer, and squamous cell 

carcinoma. Tumor necrosis factor-a! was hardly detected in most patients except those with oral lichen planus and squamous 

cell carcinoma in which about one third of the patients had more than 40 pg/ml of tumor necrosis factor-a in serum. More 

than 10 pg/ml of interleukin-6 was frequently detected in all disorders, especially recurrent aphthous ulcer (18/20), 

pseudomembranous candidiasis (12/16), and acute odontogenic bacterial infection (17119). After treatment, the serum 

interleukin-6 level increased in pseudomembranous candidiasis, acute odontogenic bacterial infection, herpetic gingivostomatitis, 

and squamous cell carcinoma, but decreased in oral lichen planus and recurrent aphthous ulcer. As compared with levels in the 

control subjects, significantly higher levels of soluble intercellular adhesion molecule-l were observed in recurrent aphthous 

ulcer, herpetic gingivostomatitis, and pseudomembranous candidiasis and levels of soluble interleukin-2 receptor were 

significantly increased in oral lichen planus, recurrent aphthous ulcer, and pseudomembranous candidiasis. These results seem to 

indicate the immunologic characteristics of the individual oral disorder. (ORAL SURC ORAL MED ORAL PATHOL 1994;78:727-35.) 

Cytokines and their receptors and antagonists some- 
times play the critical role in pathogenesis, and the 
pathologic condition is closely correlated with serum 
cytokine levels in many disorders.lm4 Recently, the re- 
lationship between the clinical appearances of each 
disorder and levels of soluble adhesion molecules, cy- 
tokine receptors, and antagonists such as intercellular 
adhesion molecule- 1 (ICAM- l), interleukin- 1 recep- 
tor and its antagonist, interleukin-2 receptor (IL-2R), 
tumor necrosis factor-a receptor (TNF-aR) and 
TNF-LUR antagonist has been investigated.5-‘0 

Among interleukins, interleukin-6 (IL-6) is most 
frequently generated, and its serum level is increased 
in inflammatory disorders and in malignant neo- 
plasms.4, 11-13 Other interleukins such as interleukin-3 
(IL-3) and interleukin-4 (IL-4) are expected to be 
associated with many disorders because these inter- 
leukins occupy the important position in the interleu- 
kin network.14-17 TNF-a upregulates functions of 
lymphocytes and pol.ymorphonuclear leukocytes’*-*’ 
and works with other cytokines in activation of these 
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cells.213 22 Therefore concomitant investigation of 
TNF-or production and release with the interleukins 
mentioned is recommended. In addition, the involve- 
ment of granulocyte-macrophage colony-stimulating 
factor (GM-CSF) should be investigated, because 
GM-CSF is one of the important cytokines that reg- 
ulate monocytes and polymorphonuclear leukocyte 
proliferation and activation,23-25 and this cytokine 
plays a critical role in inflammation.26, 27 

Studies of soluble ICAM- 1 (sICAM- 1) have accu- 
mulated,5> 6, **, 29 and the role of sICAM-1 in each 
specific disorder lhaS gradually been clarified. When 
increased serum sICAM-1 binds lymphocyte func- 
tion-associated antigen- 1 molecules, which are ex- 
pressed on lymphocytes, the lymphocytes cannot bind 
other cells through the adhesion molecules, which re- 
sults in inhibition of the lymphocyte function.30 In the 
same manner, abrogation of IL-2 action may occur 
when serum soluble IL-2R (sIL-2R) increases. To 
understand the pathophysiologic process of autoim- 
mune disorders and oral mucous membrane diseases, 
it seems necessary to investigate both up-regulatory 
and down-regulatory cytokines, receptors, and also 
receptor antagonists described herein. 
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Table 1. Clinical summary of healthy control subjects and patients studied 

Control 
subjects OLP 

in: yo, 1 
HGS PMC 

(n = 20) in = 26) (n = 16) , (n=16)* 

Sex 
Male 10 6 6 8 10 
Female 10 20 14 8 6 

Age (yr) 

ABI see 
(n = 19) (n = 30) 

12 21 
I 9 

Mean t SD 34.9 * 9.1 61.2 k 12.5 31.2 t 16.3 33.1 + 15.0 59.4 ” 8.4 44.8 ?c 13.8 51.0 5 10.9 

Range 25-48 25-82 7-66 6-65 43-13 19-69 40-89 

RAU, HGS, PMC; and ABI were considered to be cured when the clinical findings disappeared. Recovery in OLP was determined as the time when subjective 
symptoms were gone and erosion, ulcer, and redness had disappeared. SD, Standard deviation. 
*Complication of lung carcinoma in two patients with PMC; rheumatoid arthritis and diabetes mellitus in one patient with PMC each was observed. 

In oral diseases, investigations on cytokines are 
few 31-33 and serum cytokine levels and sICAM-1 and 
cytdkine receptors have scarcely been examined.3, 34 
Cellular immunosuppression has been demonstrated 
in fungal and viral infections. Immunosuppression by 
herpes simplex virus-l has been reported,34-36 but im- 
munologic investigations in primary herpes infection 
are few.34 Recently, fungal infection, especially can- 
didiasis associated with viral infection, has frequently 
been reported.37> 38 To clarify each characteristic of 
the immunologic pathophysiologic process, we inves- 
tigated serum levels of cytokines, sICAM-1, and 
sIL-2R in carcinomas, chronic oral inflammatory 
disorders, and acute bacterial, fungal, and viral 
infections. Characteristic patterns of serum cytokine, 
sICAM-1, and sIL-2R levels were observed in each 
disorder. 

MATERIAL AND METHODS 
Patients and healthy control subjects 

Thirty patients with oral squamous cell carcinomas 
(SCC), 26 with oral lichen planus (OLP), 20 with re- 
current aphthous ulcer (RAU), 16 with oral 
pseudomembranous candidiasis (PMC), 19 with od- 
ontogenic acute bacterial infections such as space ab- 
scess and phlegmon (ABI), and 16 with herpetic gin- 
givostomatitis (HGS) were examined. Twenty healthy 
persons were used as control subjects. 

Patients with SCC (T2, 16; T3, 7; T4, 7 according 
to International Union Against Cancer classifica- 
tion39) received inductive chemoradiotherapy for 
about 3 weeks and surgical removal of the remaining 
tumor 2 to 3 weeks after the inductive therapy. The 
first and second blood samplings were taken before 
the inductive therapy and before surgery, respec- 
tively, OLP was clinically and histopathologically 
confirmed. The histologic confirmation was based on 
the liquefaction of the basal cell layer and bandlike 
mononuclear cell infiltration in the dermis. All RAUs, 
which were clinically diagnosed, were of the small ul- 

cer type. The primary infection of herpes simplex vi- 
rus-l was clinically and serologically determined by 
the antibody examination with paired sera (comple- 
ment fixation test, neutralization test, herpes simplex 
virus- 1 -immunoglobulin G and herpes simplex virus- 
1-immunoglobulin M levels). Candida cell culture 
testing of the oral swabs was done in all patients with 
PMC, and PMC was finally diagnosed by the response 
to the antifungal agent amphotericin B. ABI was 
treated with antibiotics and antiinflammatory drugs. 

The patients and healthy control subjects had not 
received any immunosuppressive or potentiating 
agents. No complicated systemic disorders were found 
except for in four cases of PMC. A summary of pa- 
tients and control subjects studied is shown in Table 
I including gender, age, and complicated systemic 
diseases. 

Sera 
Blood samples were obtained at the first visit 

(symptomatic phase) and at the time of convalescence 
or the disappearance of each oral lesion (remission 
phase) or after chemoradiotherapy. Blood was cen- 
trifuged at 800 X g for 10 minutes, and serum was 
separated. All serum samples were stored at -80” C 
until use. 

Titration of serum cytokines and soluble 
molecules 

IL-3, IL-4, IL-6, sICAM- 1, and TNF-(w were mea- 
sured by a solid-phase enzyme-linked immunosorbent 
assay with the use of commercially obtained kits ac- 
cording to the manufacturers’ directions (kits for 
IL-3, IL-4, and IL-6: Quantikine, R & D Systems, 
Inc., Minneapolis, Minn.; kit for sICAM-1: Bender 
MedSystems, Vienna, Austria; kit for TNF-(r: BIOK- 
INE, T Cell Science, Inc., Cambridge, Mass.). Briefly, 
serum and each diluted standard cytokine or sI- 
CAM-l were incubated in microwells previously 
coated with murine monoclonal antibody to each cy- 
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tokine or sICAM- 1. After removal of excessive reac- 
tants by washing with phosphate buffered saline, the 
wells were filled with horseradish peroxidase-conju- 
gated murine monoclonal antibodies against each cy- 
tokine or sICAM- 1, and unbound reagents were then 
removed. As the substrate for visualization, @phe- 
nylenediamine was used in TNF-ol assay and tetram- 
ethylbenzidine: was used in other cytokines. After the 
substrate was allowed to react with horseradish per- 
oxidase compliex in the presence of hydrogen peroxi- 
dase (for 15 minutes in ICAM-1, 30 minutes in 
TNF-LU, and 20 minutes in IL-3, IL-4, and IL-6) the 
reaction was stopped by a detergent (4 N sulfuric acid 
for sICAM- 1 and 2 N sulfuric acid for others) and the 
optical density of each well was determined with a 
spectrophotometer. 

GM-CSF levels were also measured with an en- 
zyme-linked irnmunosorbent assay kit (Factor-Test, 
Genzyme Co., Boston, Mass.). The only difference 
from the previously described procedure was the use 
of rabbit anti-human GM-CSF polyclonal antibody 
(second antiboldy) and biotin-labeled goat anti-rabbit 
polyclonal antibody (third antibody) instead of horse- 
radish peroxidase-conjugated monoclonal antibodies. 
The cytokine-antibody complex was visualized after 
hydrogen peroxidase and 9)-phenylenediamine treat- 
ment. 

The level of sIL-2R was determined by a two-site, 
solid-phase enzyme immunometric assay with a com- 
mercial kit (Cellfree Interleukin-2 Receptor Beadas- 
say Kit, T Cell Diagnostics, Cambridge, Mass.). 
Briefly, in test tubes containing horseradish peroxi- 
dase-conjugated murine monoclonal antibodies 
against human IL-2R, serum and diluted standard 
IL-2R were mixed with polystyrene beads coated with 
murine monoclonal antibodies to human IL-2R. Af- 
ter 90 minutes of incubation, the beads were washed 
three times with phosphate buffered saline, and the 
mixture of hydrogen peroxidase and Q-phenylenedi- 
amine was added to each test tube containing the 
beads. After 30 minutes of incubation, the reaction 
was terminated with 1 N sulfuric acid, and the opti- 
cal density of each solution in the tube was then mea- 
sured. 

The concentration of each cytokine and soluble 
molecule in the serum samples was determined by the 
optical density curve drawn from serially diluted 
standards. 

Statistical analysis 
The statistical significance was evaluated with 

Student’s t test, paired t test, or chi-square test. A p 
value of less than 0.05 was considered statistically 
significant. 
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Results 
Serum cytokine levels were not largely elevated ex- 

cept for IL-6 (Table 11). Compared with the findings 
for control subjects, detectable serum levels of IL-3 
existed more friequently in PMC, SCC, and ABI. 
Among the 20 control subjects, levels greater than 10 
pg/ml of IL-3 w’ere detected in 9. Although out of 16 
patients with PMC, 30 with SCC, and 19 with ABI 
serum IL-3 was detected in 13, 24, and 14 patients, 
respectively, the mean levels were nearly the same as 
those in the control subjects. IL-3 levels were in- 
creased in parallel with T stage (Fig. 1). Among 16 
patients in T2 stage, serum IL-3 was detectable in 12 
and the mean level was 21.9 I 7.8 pg/ml. In the T3 
and T4 cases, detectable serum IL-3 levels were 
27.0 f 8.0 pg/ml. 

One third to one fourth of patients with OLP, 
RAU, and SCC showed an increase of serum IL-4 
levels; however, ,the degree was very low (Table II). 
The slight increase was most frequently observed in 
patients with RAU (7 of 20 cases). In control subjects, 
in those with HGS, and in those with PMC serum 
IL-4 was scarcely detected (2 of 20, 0 of 8, and 1 of 
16 cases, respectively). 

Sera from six control subjects contained IL-6 lev- 
els of 18.3 + 8.7 pg/ml, whereas IL-6 was detected 
in 15 patients wit,h OLP, 18 with RAU, 5 with HGS, 
12 with PMC, 17 with ABI, and 8 with SCC, and 
mean IL-6 levels were 50.1 ? 36.1, 58.7 5 39.4, 
27.8 + 10.5, 138.2 YC 93.8, 47.6 AI 32.6, and 
22.6 i 11 .l pg/ml, respectively. In PMC, five pa- 
tients had very high IL-6 levels in serum. After 
treatment, serum IL-6 levels in patients with OLP 
and RAU decreased to near the control level, but 
increased in those with HGS, PMC, ABI, and 
see. 

TNF-a was detected in sera from one case each of 
control subjects, HGS, and ABI. Four patients each 
with RAU and PMC and also nine each with OLP and 
SCC had TNF-cu levels greater than 40 pg/ml in se- 
rum. In these cases, the cytokine level was constantly 
about 60 pg/ml or a little higher. In SCC the serum 
TNF-or level increased after inductive chemoradio- 
therapy with an increase of the ratio (7/16) of 
patients serum-positive for TNF-a. 

Serum GM-CSF levels did not increase in most 
patients. However, serum GM-CSF was detected in 
15 of 20 patients Twith RAU, 16 of 26 with OLP, and 
21 of 30 with SCC. Patients in T3 and T4 stages ex- 
hibited higher GM-CSF levels (6.06 t- 0.96 pg/ml) 
than patients in T2 stage (5.44 * 0.95 pg/ml) (Fig. 
1). 

Compared with the control serum level (275 * 99 
rig/ml), sICAM-1 levels were significantly higher in 
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Table II. Serum cytokine levels in oral diseases 

Disease 
IL-3 ! I IL-4 

(ZlOpg/ml) / (ZlOpg/ml) 
IL-6 TNF-a GM-CSF 

(ZlOpg/ml) I WOpglml) E4pglml) 

Control 9/11* 
20.4 k 4.3j' 

OLP 
Active phase 

Remission phase 

RAU 

Active phase 

Remission phase 

HGS 

Before treatment 

12114 

20.3 2 6.5 
6/10 

20.1 t 4.8 

12/t? 
14.9 i- 2.4 

016 
- 

After treatment 

315 
30.8 k 14.2 

414 
18.3 k 6.9 

PMC 
Before treatment 

2/18 6114 
20.0 + 3.0 18.3 t 8.7 

7119 15111 
25.9 t 16.1 50.1 t 36.1 

S/IO 4112 
23.6 rt 10.7 31.7 t 10.0 

7113 18/G 
20.2 f  7.3 58.7 + 39.4 

O/6 412 
- 22.2 t 8.6 

018 513 
- 27.8 F 10.5 

O/X 513 
- 50.9 + 33.9 

I/15 W4ll 
16.0 138.2 t 93.Sn 

O/11 g/3 
- 182.9 -t 120.1(n: 

4115 1712s 
38.1 -+ 20.7 47.6 ?rr 32.6 

2/3 411 
21.5 + 7.5 107.6 + 83.6 

7123 x/22 
18.8 + 7.1 22.6 i 11.1 

2114 10/6 

18.0 I 3.0 35.6 t 13.2# 

*Katie mdicates number of patients with detectable cytokines/number without detectable cytokines. 
i-Mean 2 standard deviation of cytokine levels above the detectable border. 
SSignificantly more frequent than in control subjects: p < 0.05 by chi-square test. 
$Significantly more frequent than in control subjects: p < 0.001 by chi-square test. 
I/Significantly more frequent than in control subjects: p < 0.02 by chi-square test. 
TSignificantly higher than in control subjects: p < 0.01 by Student’s t test. 
#Significantly higher than in control subjects: p < 0.02 by Student’s t test. 

After treatment 

13/3 
18.6 + 6.3 

912 
21.3 ” 15.3 

ABI 
Before treatment 

After treatment 
see 

Before treatment 

14/5$ 
14.9 +- 5.8 

411 
16.0 +- 4.9 

After treatment 

24161: 
24.2 xk 8.2 

917 
20.3 +- 6.2 

l/19 

95.0 

9/17* 16110 
66.1 + 14.3 5.67 f  0.93 

719 1313 
65.0 t- 15.6 5.59 t 1.36 

4116 1515 
111.7 -fr 52.7 5.46 + 0.68 

214 511 
95.0 t 25.0 5.14 k 0.93 

117 414 
115.0 4.83 t 0.48 

216 711 
X2.5 + 42.5 5.20 2 0.94 

4112 719 
16.7 f  34.7 5.36 t 0.95 

219 4/7 
50.0 x!z 5.0 5.37 " 0.82 

1/1x x/11 
60.0 4.72 t 1.04 

114 312 
65.0 7.03 f  1.72 

9121 2119 
57.2 i: 14.X 5.77 f  1.00 

719 1016 
66.3 i 18.9 5.33 i 0.84 

1317 
5.00 t 0.50 

patients with RAU (455 t 147 rig/ml), HGS 
(398 + 130 rig/ml), and PMC (451 f 201 rig/ml) 
(Fig. 2). On the contrary, significantly lower levels 
were observed in patients with QLP (179 +- 76 ng/ 
ml) and SCC (174 -t 60 rig/ml). In patients with 
OLP, RAU, PMC, and SCC the soluble molecule 
levels were almost constant before and after treat- 
ment. However, the sICAM-1 level in patients with 
ABI was significantly decreased after treatment and 
a slight decrease was observed in those with HGS. 

Serum IL-2R levels were increased in all oral dis- 
orders examined; however, the increase was not sig- 
nificant in patients with HGS, ABI, and XC before 
treatment (Fig. 3). A statistically significant increase 
of the cell free receptors was observed in patients with 

OLP (821 ? 427 U/ml), RAU (1183 t 476 U/ml), 
and PMC (1032 + 236 U/ml) compared with the 
control level (439 k 106 U/ml). In those patients 
with PMC whose cases were complicated with other 
systemic diseases such as diabetes mellitus, lung car- 
cinoma, and rheumatoid arthritis, the sIL-2R level 
was greatly increased. The sIL-2R levels were almost 
constant in patients with OLP, RAU, and ABI. 
However, a large increase in serum sIL-2R levels in 
patients with PMC (from 1032 + 236 to 1234 k 372 
U/ml), HGS (from 511 t- 248 to 673 + 296 U/ml), 
and SCC (from 568 + 206 to 653 + 259 U/ml) was 
observed after treatment. 

Serum cytokine levels of sICAM- 1 and IL-2R were 
summarized with a comparison of levels before and 
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Fig. 1. Serum IL-3 and GM-CSF levels in different T stages. a, p < 0.1 by t test; b, p < 0.05 by chi-square 
test; c, p < 0.01 by t test. 

sICAM-I 

rig/ml 

1 
I  

I  
I  I  

I  I  
I  I  1 I I  I  

Active Rmision Active Amission Before After Before Aftet- Before After Before after 

Cantrol OLP RAU HGS PMC ABI see 

Fig. 2. Soluble ICAM- levels in oral diseases. a, Statistically significant in comparison with control values 
(al, p <: 0.05; ~2, p < 0.01 by t test). b, Significantly lower than before treatment (p < 0.05 by paired t test). 

after treatment (Table III). Large and wide increases 
of IL-6, sICAM-1, and IL-2R were clearly demon- 
strated. 

DISCUSSION 
Cytokine generation is regulated properly in healthy 

perslons, and cytokine actions are usually balanced in 

the normal condition. In pathologic conditions, cy- 
tokine imbalance occurs and large volumes of cyto- 
kines, which may be beneficial or harmful to the body, 
are generated.lm4 

The level of IL-3 was increased in the serum of pa- 
tients with SCC, PMC, ABI, and HGS, but not 
clearly increased in those with OLP and RAU com- 
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Fig. 3. IL-2R levels in serum from patients with oral disease. a, Significantly higher than control values (al, 
p < 0.01; a2, p < 0.001; a3, p < 0.02 by t test). b, Significantly higher than before treatment (bl, p < 0.05; 
b2, p < 0.02 by paired t test). 

Table III. Summary of serum cytokine levels in oral disorders before and after treatment 

IL-3 IL-4 IL-6 TNF-cu GM-CSF sZCAM- I IL-2R 

Disorder Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post ’ Pre Post 

OLP 
RAU 
HGS + + 

PMC i 
ABI 
see 

Pre, Before treatment; post, after treatment (remission phase in OLP, RAU; after improvement of the inflammatory manifestation in HGS, PMC, and ABI; 

after inductive chemoradiotherapy in SW); Right arrow, near control value; up arrow, slightly higher than control value; double up arrow, moderately higher 
than control value; down arrow, lower than control value; triple up arrow, greatly higher than control value. 

pared with the level in healthy persons. IL-3 is a mul- 
ticolony-stimulating factor,40 and IL-3 generation in 
many kinds of cells is stimulated by TNF-(u, interleu- 
kin-ID, and interferon-y. 41y 42 It has been reported 
that interferons frequently exist in circulating blood 
in SGC and interferons were generated in bacterial 
and viral infection.34, 43, 44 Therefore enhancement of 
IL-3 generation from T cells in the presence of inter- 
ferons seems to be likely in these disorders. It is known 
that monocytes become candidacidal by treatment 
with IL-3 or GM-CSF,45, 46 and the activated killing 
activity is preserved for a long time.45 Therefore an 

increase of serum IL-3 levels seems beneficial for host 
defense against fungal invasion. 

In the oral disorders examined, only a slight 
increase of serum IL-4 levels was observed in a few 
cases of OLP, ABI, SCC, and RAU. When such IL-4 
roles as promotion of immunoglobulin synthesis,47 T 
cell proliferation,48 T cell adhesion to endothelial 
cells,49 and proliferation of helper T2 working with 
interleukin- 1 050 are considered, IL-4 generation in 
OLP, SCC, and infectious oral disorders seems advan- 
tageous for recovery from the disease condition. Mow- 
ever, IL-4 was not detected in most patients. This re- 
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sult seems to indicate IL-4 does not play any critical 
role in the disorders examined. 

Higher IL-6 levels compared with those in control 
subjects were detected in the majority of patients; 
however, only about one fourth of patients with SCC 
exhibited detectable serum IL-6 levels before treat- 
ment. ,4mong the diseases examined, serum IL-6 lev- 
els were greatly increased in RAU, PMC, and ABI. 
The serum IL-6 level in patients with ABI seems to 
be compatible with IL-6 generation and release in 
acute inflammation. However, the elevation of the se- 
rum IL-6 level in patients with PMC is considered to 
be contradictive to the cellular immunity that appears 
to be suppressed. IL-6 is generated by lymphocytes, 
endothlelial cells, fibroblasts, and epithelial cells.51 
Therefore, IL-6 seems to be generated and released 
into serum even in immunosuppressed patients. In 
fact, collagen di.sease and other autoimmune diseases 
are associated with elevated levels of IL-6.51 

It is not likely that serum IL,-6 levels in patients 
with RAU were generated locally, because aphthous 
ulcers seem too small and few in number to generate 
in situ detectable IL-6 levels. Perhaps, IL-6 in patients 
with RAU is generated from leukocytes and other 
cells. This means leukocytes and other cells in patients 
with RAU are stimulated to generate IL-6; however, 
the stimulators are unknown. This hypothesis seems 
to be supported by the clear elevation of serum 
sICAM-1 and sIL-2R levels in patients with RAU. 
Elevation of these molecules in serum appears to be 
explained only when RAU is not a simple local disease 
but associated with a systemic disease.52T 53 

Even after remission of the oral lesions, IL-6 levels 
did rmt rapidly decrease in serum. This result is prob- 
ably because of the incomplete disappearance of the 
inflammation. In ABI, PMC, SCC, and HGS, serum 
IL-6 levels were even increased after treatment. 
Acute oral ulcerative mucositis induced by chemora- 
diotherapy seems to be the cause of the increase in 
SCC. As previously reported, herpes simplex virus- 1 
induces suppression of lymphocyte function such as 
lymphocyte blastogenesis and lymphokine-activated 
killer activity. s4 The patients with primary herpes 
simplex virus- 1 infection undoubtedly had immuno- 
logic rsuppression including suppressed cytokine gen- 
eration. Candildiasis is also induced in immunosup- 
pression. Therefore, the increase of serum IL-6 levels 
after lthe disappearance of oral candidiasis appears to 
be similar to that in HGS. 

Like IL-l and IL-6, TNF-a! is also a keystone of the 
cytokine network. 54-56 TNF-or did not disappear from 
serum even after the OLP lesion improved or SCC 
was treated. We cannot find any reasonable explana- 
tion for this result. As a possibility, the stimulation for 

TNF-(U production remains even after improvement 
of OLP because cytokine generation of infiltrated 
mononuclear cells and peripheral lymphocytes is en- 
hanced in OLP.57 In SCC, chemoradiotherapy-in- 
duced oral mucositis seems responsible for the con- 
tinued levels of TNF-a in serum. 

Serum GM-CSF levels in patients with HGS and 
ABI were inferior to those in the control subjects. Be- 
cause of the inferior GM-CSF production, oral can- 
didiasis and bacterial infection might be induced in- 
asmuch as GM-CSF induces differentiation and acti- 
vation of granulocytes and macrophages.58p 5g GM- 
CSF productivity of the generating cells correlates 
with the resistance against bacteria and fungi.(jO In 
most SCC cases, GM-CSF activity was detected in 
serum. Tumor cells can be considered as the GM-CSF 
producers because normal keratinocytes are promi- 
nent GM-CSF producers, and SCC lines are superior 
to normal keratinocytes in GM-CSF production.61T 62 
The increased GM-CSF level in serum is therefore 
considered to be at least partially generated from tu- 
mor cells. Of course, stimulation of infiltrated mono- 
cytes and macrophages by the tumor antigen and their 
GM-CSF generation seems to be likely. These ideas 
are supported by .the fact that serum GM-CSF levels 
were higher in T3 and T4 cases than in T2 cases. 
Likewise, IL-3 levels were correlated with T stage. 
The increase of IL-3 levels seems to result from the 
same mechanism as that for GM-CSF. However, IL-3 
production of epithelial cells is not as high.‘j3 There- 
fore, these increases may be caused by the increase of 
responders (leukocytes) to the tumor cells or the in- 
creased stimulation to the responders for the cytokine 
generation. 

ICAM- 1, an important adhesion molecule in anti- 
gen presentation and proliferation of cytotoxic T cells, 
as well as leukocyte activation and adhesion to endo- 
thelial ce11s,64-66 increased in patients with RAU, 
PMC, and HGS. ICAM- molecules are expressed in 
many kinds of cells. It is known that an increase of sI- 
CAM-l does not depend mainly on an increase of 
ICAM- 1 expression on the cell surfaces, but on splic- 
ing. 3o Peripheral blood mononuclear cells from can- 
cer patients submitted revealed an increase of 
ICAM- expression (data not shown). Therefore, 
sICAM-1 molecules released in serum appear to be 
spliced on the surfaces of mononuclear cells that 
highly express ICAM-1. 

Cell free IL-2R levels in serum increased greatly in 
patients with OLP, RAU, and PMC. Unlike sI- 
CAM-l levels, high levels of serum IL-2R were 
observed in many patients with OLP. Increased lev- 
els of soluble IL-2R and sICAM- 1 have been demon- 
strated in many disorders. The increase of these mol- 
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ecules is regarded as an immunosuppressive aspect 
because soluble IL-2R and sICAM- 1 molecules bind 
IL-2 and lymphocyte function associated antigen- 1, 
respectively, and the lymphocyte actions througb 
these molecules and their Iigands become blocked. 
Perhaps, leukocyte activation via IICAM-1 binding to 
lymphocyte function associated antigen- I is impaired 
in patients with RAU, HGS, and PMC. Likewise, 
lymphocyte activation by IL-2 binding to its receptors 
seems to be impaired in patients with OLP, RAU, and 
PMC. 

The pathophysiologic processes of oral disorders 
were examined from the aspect of serum cytokines. 
The results obtained appear to indicate the immuno- 
logic characteristics of the individual oral disorder. 
However, detailed analysis remains to be explored. 
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