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Interleukin-6 receptors (IL-6R) and
interleukin-1 receptors (IL-1R) on lympho-
cyte surfaces were analyzed, using flow
cytometry and dye-labeled IL-6 and IL-1[3,
to examine the clinical and immunological
significance of these receptors. Incubation
of peripheral blood mononuclear cells in the
presence of mitogen resulted in a remark-
able increase of lymphocytes expressing the
IL-6 and IL-1[3 receptors on the cell surface.
The increase in lymphocytes bearing these
cytokine receptors may reflect an increase
in stimulated lymphocytes. When peripheral

ceptors, the percentage of IL-6R positive
cells was significantly higher in the patients
than in healthy controls (P<0.01). The in-
crease in IL-6R positive cells was only sig-
nificant for the T lymphocyte fraction
(P<0.01). No significant change in IL-1R
was observed. There was a significant
positive correlation between the percent-
age of IL-6R positive T lymphocytes and
the titer of antimitochondrial antibody
in patients with PBC. These findings con-
cerning IL-6R may be noteworthy elucidat-
ing autoimmune etiological features

of PBC. J. Clin. Lab. Anal. 12:83-87,1998.
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blood from patients with primary biliary cir-
rhosis (PBC) was examined for these re-
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INTRODUCTION actions of IL-Tr and IL-13 (5). Target cells of IL-1 express
IL-1 receptors (IL-1R). IL-1R can be divided into type |
Interleukin-6 (IL-6) and IL-1 are known to play a centradClezla) and type Il (CDw121b) (6). Type Il IL-1R is
role in many systems involved in host defense such as ghginly involved in IL-1 signal transduction (7).
neurological, endocrine, and hemopoietic systems (1,2). Aanalysis of peripheral blood lymphocyte surface markers
decrease in these cytokines can reduce resistance to infging flow cytometry and dye-labeled monoclonal antibod-
tion. Excessive production of these cytokines can manifégsd has been routinely conducted in laboratory tests for the
unfavorable effects in patients with autoimmune disease (spest 10 years. This technique has been primarily used for the
as rheumatoid arthritis) septic shock or malignant diseasenalysis of T lymphocyte subsets (8—10). Analysis of cytokine
IL-6 is produced by monocytes macrophages and Th2 lyreceptors on lymphocyte surfaces may provide valuable clini-
phocytes and stimulates B lymphocytes to produce antibdw and immunological information, but there have been few
or activates T lymphocytes. IL-6 binds to the IL-6 recept§tudies concerning the analysis of cytokine receptors other
a chain (CD126) to yield IL-6/IL-6R complexes that thefhan the IL-2 receptax chain (CD25).
bind to IL-6R3 (gp130, CD130) which is involved in signal N the present study, we evaluated IL-6R and IL-1R ex-
transduction (3,4). pression on lymphocyte surfaces, using IL-6 and L&k
IL-1 is produced by monocytes and macrophages and in-
duces activation of lymphocytes. IL-1 can be divided int@orrespondence to: Masayoshi Yamashiki, MD, Ph.D., Department of Labo-
IL-1a and IL-18 depending on the amino acid sequence. taory Medicine, Mie University School of Medicine, 2-174 Edobashi, Tsu
humans, IL-B production is predominant over Ilalpro- 514, Japan.
duction. There are however few differences in the biologicRdceived 15 January 1997; Accepted 18 February 1997
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beled with a dye (phycoerythrin, PE), in order to examine tR&BLE 2. Number of Healthy Subjects by Age and Gender

clinical and immunological usefulness of their expressiofge group (years) Male Female
Furthermore, we analyzed the frequency of IL-6R and IL-1IR

. . . "20~29 3 4
expression on peripheral blood lymphocytes from patiens 4 4 5
with primary biliary cirrhosis (PBC; an autoimmune diseasg-4g 3 2
of the liver presenting with diverse immunological abnormako-~5s 2 1

ties), to examine the clinical and immunological significance
of their expression.

Mononuclear Cell Culture

MATERIALS AND METHODS Twenty ml of blood was taken into heparinized tubes from

the cubic vein of each of 5 healthy students. Whole blood
Blood samples were collected from 20 patients with P s then layered onto a lymphocyte separation fluid (Muto

re Chemicals, Tokyo, Japan). The mixture was centrifuged
(Table 1) and 2.4 healthy e_mploye_:es at our_depa_rtment (Taz?rtl% isolated Iympho}éytes F\jver)e washed 3 times in Rosvg\J/eII
2). PBC was diagnosed histologically on liver biopsy SPeHark Memorial Institute (RPMI) medium 1640 (Gibco Labo-

ir:cei}i?gcAtni;Tr:tgrfgﬁggr”eilcaewciogr{ Eﬁ(l)\{lé)evl\:ijsnz?/rfs%rg ?g?eyratories, Grand Island, NY). The mononuclear cell (MNC)
‘fraction was then suspended in RPMI medium containing 15%
heat-inactivated fetal bovine serum (Gibco Laboratories,
Grand Island, NY) and two antibiotics, penicillin and strep-
Peripheral blood was placed in a 5-ml blood collection tubamycin (Flow Laboratories, Irvine, Scotland). The final con-
containing EDTA-2Na powder (Terumo, Tokyo, Japan). Theentrations of the two antibiotics were 50 [U/ml (penicillin)
tube was turned upside down to mix the blood and powdand 5Qug/ml (streptomycin). The MNC suspension (1.6 ml),
Then, a 30-fold volume of hemolysis reagent (ammoniucontaining 1 x 10cells/ml, combined either with 0.1 ml of
chloride) prepared in the laboratory, was added to the tuties RPMI medium or with a solution of phytohemagglutinin
mixed for 10 min, and centrifuged. The collected precipitéPHA, Sigma) at a final concentration gi@¢/ml, was added
tion was washed twice with a phosphate buffer solution (PB)each well of the plate. The sample was then incubated for
containing bovine serum albumin (BSA), and then suspend&tihrs at 37°C and under 5% €Ohe cellular fraction was
in 2 ml of 1% BSA-added PBS. This suspension was usecdasvested, centrifuged, and washed once in PBS. The cells
the WBC suspension. were then suspended in 1.5 ml of PBS containing 1% BSA.

Subjects

White Blood Cell Sample Preparations

. o ) ) Reagents
TABLE 1. Clinical Findings in Patients with PBC

Phycoerythrin (PE)-conjugated IL-6 and PE-conjugated IL-

No. _Age Sex Clinical features ANA (tter) 1B were purchased from R & D Systems (Minneapolis, MN)
1 55 Male Asymptomatic  Positive (unknown) for yse in the analysis of IL-6R and IL-1R expression. Fluo-
g jé Egg::g QEﬁEISEZI:E Eg:;::zg gg;gg rescein isothiocyanate (FITC)-conjugated CD3 monoclonal
4 50 Female Asymptomatic Positive (x1280) antibody and FITC-conjugated C_:D_19 monoclonal antibody
5 51 Female  Asymptomatic Positive (x40) were purchased from Beckton Dickinson Immunocytometry
6 55 Female Asymptomatic Positive (x160) Systems (B-D, Mountain View, CA) to analyze T and B lym-
7 56 Female Asymptomatic Positive (x1280)  phocytes. Simultest LeukoGATE was purchased from B-D
8 57 Female Asymptomatic Positive (x40) for identification of lymphocyte fraction. Simultest Control
9 60 Female  Asymptomatic Positive (x1280)  was also purchased as a negative control reagent from B-D.

10 60 Female Asymptomatic Positive (x320)

11 60 Female Asymptomat?c Pos?t?ve (x320) Sample Staining

12 62 Female Asymptomatic Positive (x1280)

13 62 Female  ltching Positive (x320) Six Falcon 2052 tubes (B-D) were used. The first tube con-

14 62 Female  Asymptomatic  Positive (<80)  tainad 2qul of Simultest LeukoGATE, the second contained

12 Zg Eemale Asymptomatic Positive (x40) 20l of Simultest Control, the third and fourth contained 20

emale Asymptomatic Positive (x40) . . .

17 66 Female  Asymptomatic Positive (unknown) M Of FITC-conjugated monoclonal antibody, and the fifth and

18 68 Female Asymptomatic Positive (x40) sixth contained 20l of FITC-conjugated CD19 monoclonal

19 69 Female Asymptomatic Positive (x80) antibody. PE-conjugated ILB1(10ul) was added to the third

20 75 Female  Asymptomatic Positive (x20) and fifth tubes. PE-conjugated IL-6 (fu) was added to the

PBC, primary biliary cirrhosis; AMA, antimitochondrial antibody examinedoUrth and sixth tubes. The leukocyte suspension (0.1 ml) or

using the indirect immunofluorescence method.

a cultured MNC suspension (0.2 ml) was added to each of
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these 6 tubes, which were then incubated at 4°C for 30 minsThe percentage of IL-6R positive cells among all lympho-
while being protected from light. The cells were then washeytes was significantly higher in the PBC group (9.1 + 5.%)
once in PBS and suspended in PBS containing 1% BSA.than in the normal control group (4.4 + 2.3%¥%0.01, Fig.
3). Furthermore, the percentage of CII36R" cells among
Flow Cytometer Analysis all lymphocytes was significantly higher in the PBC group
.6 £1.8% vs. 1.8 £ 1.19%2<0.01) and the percentage of
gfese cells among CD8/mphocytes was also significantly
higher in the PBC group (6.4 + 3.1% vs. 3.2 £ 2.8%).01,
Fig. 4). The percentage of CD10.-6R" cells among all lym-
phocytes was significantly higher in the PBC group (1.3 =
0.8% vs. 0.6 + 0.6942<0.01), while the percentage of these
The positive rates of each cell group in the PBC group acells among CD19lymphocytes did not differ significantly
the control group were expressed as mean * SD. The sigrii&tween the two groups.
cance of differences was tested using each student’s unpairé®Yhen the data concerning IL-1R and IL-6R expression was

The flow cytometer used in this study was a FACSCA
(B-D), and the software used for collection and analysis
the results was the Consort 30 program.

Statistical Analysis

t-test. analyzed in relation to laboratory test data, there was a sig-
nificant positive correlation between the percentage of €D3
RESULTS IL-6R" cells among all lymphocytes or CDmphocytes
and the AMAtiter. No other significant correlations were

Figure 1 shows IL-1R expression on lymphocyte surfacé
following incubation with or without PHA. When stimulated’
ywth PHA (Fig. 1, rlght)_, the number of IL-1R posmve_ cell ISCUSSION
increased markedly. Similar results were also obtained Tor
IL-6R expression (Fig. 2). The number of IL-6R positive cells Analysis of the amounts of IL-6 and IL-1 receptor expres-
was higher in PHA-stimulated cultures, although the increasien on lymphocyte surfaces following incubation of periph-
was less marked than that of IL-1R positive cells (Fig. 2, righgxal mononuclear cells with or without a mitogen revealed

The percentage of CD3 positive cells (T lymphocytetat the number of receptor positive cells was markedly higher
among all lymphocytes did not differ between the PBC groupthe presence of a mitogen than in the absence of the mito-
(mean = SD = 56.1 * 9.4%) and the normal control grogen.The increase in IL-6R and IL-1R positive cells among
(59.8 £ 18.0%), while the percentage of CD19 positive cefieripheral blood lymphocytes may reflect an immune state
(B lymphocytes) was significantly higher in the PBC grougxcessively stimulated by some factors in vivo.

(22.1 £ 8.1%) than in the normal control group (14.9 + 14.2%)When these receptors were analyzed using peripheral blood
(P<0.05). lymphocytes from patients with PBC, IL-1R expression did

The percentage of IL-1R positive cells among all lymphaot differ from that in healthy controls, while IL-6R expres-
cytes did not differ significantly between the PBC group (12900n was significantly increased in the PBC grdesp((01).

* 5.9%) and the control group (10.2 £ 3.8%). There was ibus, we analyzed IL-6R positive cells in T and B lympho-
significant intergroup difference in the percentage of EDXytes. IL-6R expression on both T and B lymphocytes was
IL-1R" cells among CD3lymphocytes or the percentage osignificantly higher in the PBC group than in the control group.

Bserved.

CD19-IL-1R" cells among CDI9ymphocytes. The percentage of T lymphocytes among all lymphocytes did
cultured without stimulants cultured with PHA
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| -4
21;9 18! 122 123 124 %@ 10} 122 18? 124
IL-1 Receptor IL-1 Receptor

Fig. 1. Fluorescence intensity histogram of IL-1 receptor on cultured lymphodyéts. Without stimulants.
Right: Stimulated with PHA.



86 Yamashiki et al.
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Fig. 2. Fluorescence intensity histogram of IL-6 receptor on cultured lymphodygés.Without stimulants.
Right: Stimulated with PHA.

not differ between the PBC group and the control group, whijenphocytes of these patients were excessively stimulated
the percentage of B lymphocytes was significantly higherlyy some unknown factors.
the PBC groupR<0.05). Therefore, we could not rule out When the data concerning cytokine receptors was analyzed
that the increase in IL-6R positive B lymphocytes in the PBErelation to laboratory test data, we found a significant posi-
group results from an increase in the percentage of B lytive correlation between the percentage of IL-6R positive T
phocytes in this group. Thus, we then analyzed the percéytaphocytes among all lymphocytes or T lymphocytes and
age of IL-6R positive cells among T and B lymphocytes. Tliee titer of antimitochondrial antibody (AMA) detected spe-
percentage of IL-6R positive cells among T lymphocytes weifically in patients with PBC. It is difficult at present to de-
significantly high in the PBC grou€0.01), but that among termine the immunological importance of this finding.
B lymphocytes did not differ between the two groups. Therdowever, it suggests that IL-6 is a cytokine which promotes
fore, the increase in IL-6R positive B lymphocytes among dtle proliferation and differentiation of B lymphocytes and
lymphocytes from PBC patients cannot be regarded as a véthus induces the production of antibodies. Clarification of the
able finding. On the other hand, the increase in IL-6R posiechanism by which AMA appears is now considered as the
tive T lymphocytes in PBC patients suggests that the miost important issue when elucidating the etiology of PBC
(11). Our finding of an increase in T lymphocytes with IL-6
receptors expressed on their surfaces may be noteworthy when
discussing the etiology of PBC.
N C [e8 by o Our flow cytometric analysis of IL-6R and IL-1R expres-

- J P<t.01 sion on the peripheral blood lymphocytes in patients with PBC
. . u yielded interesting findings concerning IL-6R. Analysis of
0 10 20 %) (%)
IL-6R(+) lyaphocytes / total Tymphocytes I 6+ :
m
o .
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Fig. 3. IL-6 receptor positive cell ratios in lymphocyte (upper) and T lymFig. 4. Comparison of serum antimitochondrial antibody titer and IL-6
phocyte (lower) fractiol?BC: patients with primary biliary cirrhosislC:  receptor positive T lymphocyte ratio in the lymphocyte fraction of patients
normal healthy controls. Mean + SD. with primary biliary cirrhosis.
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cytokine receptors on lymphocyte surfaces, except for suchlecular cloning and expression of an IL-6 signal transducer, g@E30.
an analysis of IL-2R expression, has not yet been included jn63-1149-1157, 1990. o _

. . . 4. Kishimoto T, Bga TAkira S: Cytokine signal transductiddell 76:253—
routine laboratory tests. Few basic studies have been per-., ;994
formed Conf:eming the C"nic_al and immunological signifi-s, cerretti DP, Kozlosky CJ, Mosley B, et al.: Molecular cloning of the
cance of this kind of analysis. Cytokine receptors deserve interleukin-B converting enzymeScience256:97-100, 1992.
additional analyses because they may provide valuable clirfi- Sims SEAcress RB, Grubin CE, et al.: Cloning of the interleukin-1
cal immUnOIOgical and etiOIOgicaI information receptor from human T cellBroc Natl Acad Sci U S 86:8946—8950,

1989.
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