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gpl30, The Cytokine Common Signal-Transducer of Interleukin-6 Cytokine
Family, Is Downregulated in T Cells In Vivo by Interleukin-6

By Xue-Jie Wang, Tetsuya Taga, Kanji Yoshida, Mikiyoshi Saito, Tadamitsu Kishimoto, and Hitoshi Kikutani

gpl30 is a common signal-transducing receptor component
for the interleukin-6 (IL-6) family of cytokines. To investigate
the expression of gp130 in T-cell subsets and its regulation,
anti-murine gp130 monoclonal antibody (MoAb) was used
for flow cytometric analysis. In normal mice, gp130 was
differentially expressed in thymocyte and splenic T-cell sub-
populations defined by CD4/CD8 expression. In aged MRL/
Ipr mice, although gpl30 expression was detectable in
splenic CD4+ or CD8* T cells, gp130 expression was signifi-

expression on splenic T cells might be produced in response
to continuous activation of gp130 by high levels of serum
IL-6. In transgenic mice overexpressing IL-6, gp130 expres-
sion in the splenic T cells was significantly decreased. After
stimulation with IL-6 in vitro, the level of gp130 on CD4* or
CD8* splenic T cells from normal mice was significantly
decreased. These results suggest that the expression of
gp130 in splenic T cells could be downregulated by the IL-6
stimulation under physiological or pathological circum-

cantly downregulated. Because serum levels of IL-6 and stances.
soluble IL-6 receptor (sIL-6R) are elevated in these mice, we © 1998 by The American Society of Hematology.
examined the possibility that the downregulation of gp130

OMMUNICATION BETWEEN cells in immune and chain and the commagichain are also shown to be shared with
hematopoietic systems is largely mediated by solublemultiple cytokine receptors. The cytokine receptors for at least
factors called cytokines.gp130 was initially identified as a IL-2, IL-4, IL-7, IL-9, and IL-15 use the samg chain as an
signal-transducing receptor component that associates withssential subunit It has been shown that the comm@ithain
interleukin-6 receptor (IL-6R) when the receptor binds I1B%. is shared with multiple cytokine receptors for IL-3, IL-5, and
Subsequently, gp130 has been shown to be shared by multiplgranulocyte-macrophage colony-stimulating factor (GM-CBF).
cytokines in addition to IL-6, such as receptors for IL-11, Each cytokine has its own unique functions in certain cell types,
leukemia inhibitory factor (LIF), oncostatin M, ciliary neuro- and it has been considered that cellular responsiveness is largely
trophic factor (CNTF), and cardiotrophin-1 (CT-43. determined by regulated expression of the ligand-specific
It has been reported that gp130 MRNA is ubiquitously receptors:#1t12Because the expression of common chains is
expressed in almost all the organs examined, including hearhelieved to be relatively resistant to regulation, regulation of the
spleen, kidney, lungs, liver, and braift has also been shown common chain expression has been studied poorly to date.
that the regulatory mechanism of gp130 expression may behys, it would be of interest to examine the protein expression
somewhat different from that of IL-6R on the different cell gnd the regulation of common signal transducer in vivo.
lines/ % For example, IL-6R and gp130 MRNA levels are  Thjs report shows that with the use of a specific monoclonal
differentially regulated by IL-6 and by interferons in multiple antibody (MoAb) against murine gp130, we have examined the
myeloma cell lineg? Other reports show that gp130 transcripts expression of gp130 on T-lineage cells in normal mice and
on va_rious cells are upregulated in vitro by multiple factors, MRL/Ipr mice. To understand further the regulatory mechanism
including IL-6." , of gp130 expression in T cells by its ligands, we also investi-
~The existence of common signal transducers has beefaieq the expression of gp130 in T cells stimulated by IL-6 in
discovered not only in the IL-6R system, but in the other ;. o those from IL-6 transgenic mice. Our results suggest
cytokine receptor systems as well. Like gp130, the COMMON 5 41130 expression on T cells is downregulated by IL-6 both
in vitro and in vivo.
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Preparation of T lymphocytes.Cells were prepared from the spleen 5 Control IL-6+sIL-6R

and thymus by passing them through a mesh. Lymphocytes Weng

separated from murine spleens and thymus with standard procédures g€ 8 3
The splenic cells were then labeled with anti-CD4, anti-CD8, and g
anti-Thy1.2 MoAb coupled with magnetic microbeads (Miltenyi Bio-
tec, Bergisch Gladbach, Germany) for 30 minutes on ice, and then Wer(?} 2 B

washed three times with a staining buffer (phosphate-buffered salin
[PBS] containing 0.5% bovine serum albumin [BSA] and 0.001% >
sodium azide). The labeled cells were passed through MACS separaticgg ® ®
columns placed in the MACS separator (Miltenyi Biotec), the columns ‘@ 100 1o 102 10° 10! 102
were then washed and removed from the magnet. The positive cell
were washed out and collected.
Cell cultures and fluorescence-activated cell sorter (FACS) analysis.
Purified CD4 or CD8" splenic cells_were cultured with or without IL-6 inhibited by the complex of IL-6 and sIL-6R. Thymocytes from
n RPMI 1640 Supplementedlwnh 10% fetal calf serum (FCS), C57BL/6 mice (12-week-old female) were incubated in PBS, 5 mmol/L
penicillin (50 U/mL), streptomycin (S0 mg/mL), 50 mmol/L 2-ME atan  gnra pH7.2, 0.5% BSA, with or without a combination of IL-6 and
initial concentration of 5x 1(° cells/mL in 96 round-bottomed well ¢ _gR at 37°C for 20 minutes, the cells were then stained with RX19
plates at 37°C in a humidified atmosphere with 5%,@Che air. After  (closed histograms) or control rat myeloma IgG,, (open histograms).
2 days of culture, cells were stained with antibodies and analyzed with a
FACScan flow cytometer (Becton Dickinson). gp130 expression. As for the gpl30 expression level on
CD4/CD8 single positive thymocytes, it was somewhat higher
than those on the two other subpopulations. Among single
Specific recognition of murine gp130 by MoAb RX1%0  positive thymocytes, the gp130 expression level on @D4
examine the specificity of RX19, we used a rat glioma cell line, CD8- thymocytes was slightly lower than that on CDED8*
C6G, and its transfectant-expressing mouse gp130 (C6GmM130hymocytes. The gpl30 expression level of COED8  or
As shown in Fig 1, C6Gm130 was positively stained with CD4-/CD8" splenic cells was similar to that of CDACD8" or
RX19, whereas the parent cells showed no staining, suggestingD4-/CD8* thymocytes, respectively. T cells from younger
that RX19 specifically recognizes murine gp130. To analyze thg6-week-old) C57BL/6 and (6-week-old) Balb/c mice showed
expression of gp130 in lymphocytes freshly prepared fromgp130 expression profiles similar to those of 12-week-old
mice, we had to exclude the possibility that recognition of C57BL/6 (data not shown).
gp130 by RX19 might be influenced by the IL-6/IL-6R  Decreased expression of gp130 on splenic T cells of aged
complex, which binds to gp130. RX19 was used for stainingMRL /lpr mice. MRL/Ipr mice carry the mutation of the Fas
thymocytes, preincubated with or without an excess amount ofigand gene and develop the lymphoproliferative disease associ-
IL-6 and sIL-6R and then analyzed by FACS. As shown in Fig ated with autoimmunity® IL-6 and sIL-6R levels were previ-
2, the fluorescence intensity of cells stained by RX19 was nobusly shown to be elevated in aged MR/ micel920 A
affected by 20-minute preincubation with IL-6 and sIL-6R, previous report has demonstrated the elevated expression of
indicating that RX19 recognizes the epitope on gpl30 agL-6R on B cells and reduced expression on CDRcells in
distinct from the IL-6R—binding site. aged MRLIpr mice?! In this investigation, to determine
Distribution of gp130 on thymocytes and splenic T cells.whether thdpr mutation might have some influence on gp130
gp130 distribution on various T-lymphocyte subpopulationsexpression, either directly or indirectly, gp130 levels on T cells
from C57BL/6 mice (12-week-old female) was examined by from MRL/Ipr were examined. As shown in Fig 4, the
FACS analysis. As shown in Fig 3, gp130 was detectable on alkxpression of gp130 in splenic T cells is significantly lower in
thymocyte subpopulations fractionated in terms of CD4 and20-week-old MRLIpr than in age-matched MRL/n and in
CD8 expression, although the expression levels were different 2-week-old C57BL/6 mice (Fig 3). By contrast, each subpopu-
among them. The CD4CD8" thymocytes, which are the most |ation of thymocytes from MRLpr displays gp130 expression
immature subset of T cells in the thymus, displayed the lowespatterns similar to those of MRL/n and C57BL/6, although the
gpl30 level in CD4/CD8  thymocytes of MRLUpr was
C6G C6Gm130 slightly decreased, as shown in Fig 4B. We further examined the
gpl30 expression on ThyX.B220" T cells known to be
abnormally proliferating in aged MRIpr.22 As shown in Fig
4C, T cells of this phenotype also showed a low level of gp130
expression. To analyze gp130 expression before onset of the
disease, T cells of 6-week-old MRpf were examined. In
contrast with aged MRIpr, the gp130 expression levels in
both splenic T cells and thymocytes in younger (6-week-old)
MRL/Ipr were not reduced (data not shown).
gp130 —> Reduction of gp130 expression on splenic T cells of IL-6
Fig 1. Specific recognition of murine gp130 by MoAb RX19. C6G trans.genic mice and lL_6/IL-6R double transgenic miCH'i-S
cells and their transfectants with murine gp130 cDNA (C6Gm130 pos&blg that reduced expression ,Of gp130 Or‘! M;Bt!_féplen!c
cells) were used. Closed and open histograms show the staining with T cells is caused by overproduction of IL-6 in this strain of
RX19 and control rat myeloma IgG,,, respectively. mice. To test this possibility, we further examined gp130

gp130 ————»

Fig 2. Recognition of murine gpl130 by MoAb RX19 was not
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cb4* cbDs* from C57BL/6 mice. Freshly iso-
lated thymocytes with CD4-/
CD8-, CD4+/CD8*, CD4*/CD8-,
or CD4-/CD8* phenotypes and
splenic CD4* or CD8* T cells from
C57BL/6 mice (12-week-old fe-
male) were analyzed for gp130
expression. Closed and open his-
tograms show the staining with

RX19 and control rat myeloma
gpi130 > 19G.a, respectively.
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expression in T cells from transgenic mice overexpressingeceptor complex, which heterodimerizes with gp130, at vari-
either IL-6 or IL-6R alone, or both. As previously reporféd, ous differentiation stages and in various subpopulations of T
cells normally develop in these transgenic mice. As shown incells. Unlike fresh thymocyte, both CDACD8~ and CD4/
Fig 5 and Table 1, the expression of gp130 on CD4ellsand  CD8" cells in cultured thymocytes have been reported to
CD8" T cells in the spleen was significantly reduced in express IL-6R, suggesting that thymocytes may have a potential
transgenic mice overexpressing either IL-6 alone or togetheto express IL-6R under certain circumstangesherefore, we
with IL-6R. Such reduction was not observed in IL-6R single cannot exclude the possibility that IL-6 can transduce the signal
transgenic mice. By contrast, gp130 levels on each subpopulahrough gp130 onimmature T cells under specific physiological
tion of thymocytes in these transgenic mice were normal (dataircumstances.
not shown) as was observed in MRl mice. These results Our results showed that gp130 was expressed at different
suggest that the increased IL-6 level may lead to the downievels on thymocytes of different maturation stages. gp130 was
regulation of gp130 expression on peripheral T cells in MRL/ expressed at the lowest level on the most immature CD4
Ipr, as well as transgenic mice overexpressing IL-6. CD8- thymocytes. Both CD¥CD8* and CD4/CD8~ thymo-
Downregulation of gp130 protein on splenic T cells after IL-6 cytes expressed the intermediate levels of gp130, and the gp130
stimulation in vitro. To further confirm IL-6-mediated down- expression level on CD4CD8" cells was the highest. It has
regulation of gp130 on peripheral T cells, CDér CD8" been reported that the cellular responsiveness to IL-6 varies
splenic T cells from C57BL/6 mice were cultured with or among the thymocyte subsets; immature thymocytes are less
without IL-6 for 2 days and then gp130 expression on theseesponsive than mature subpopulatiéh$his finding may be
cells was analyzed by FACS. As shown in Fig 6, gp130 levelsexplained by the difference of gp130 expression among thymo-
on both CD4 T cells and CD8 T cells that had been cultured cyte subsets.
with IL-6 were significantly reduced compared with those on T  IL-6 acts on peripheral T cells at an early stage as both a
cells cultured without IL-6. Suppression of gp130 expression omproliferation factor and a cytotoxic T-cell differentiation fac-
T cells by IL-6 in vitro was observed in a dose-dependenttor28-31|t has been previously shown that IL-6R is expressed on
manner, as shown in Fig 7. These results indicate that IL-6eripheral T cells before stimulation in vitro, and the levels of
stimulation can lead to downregulation of the expression of||-6R expression on splenic CD4 cells and CD8 T cells are
gp130 on mature T cells in vitro as well as in vivo. almost identicaf® By contrast, gp130 expression on splenic
CD8* T cells was higher than that on splenic CD# cells, as
DISCUSSION was observed in thymocytes. The responsiveness to IL-6 of
In our examination of the distribution of gp130 on splenic T CD4*/CD8" has been shown to be lower than that of CD4
cells and thymocytes from various mice, we found that althoughCD8" T cells?” This might reflect the differential gp130
IL-6R was not detectable by flow cytometry in any thymocyte expression levels on these T-cell subsets.
subpopulation825gp130 was readily detectable on all thymo- The MRLApr strain is one of the representative animal
cyte populations, suggesting that immature T cells may usenodels of human autoimmune diseases. The immunologic
gpl30-stimulatory cytokines other than IL-6. A recent report abnormalities are usually first observed at the age of around 8
has shown that oncostatin M regulates the extrathymic T-cellveeks, progressing with agélt has been reported that, in aged
development® It would be interesting to examine the expres- MRL/Ipr mice, IL-6R expression is elevated on B cells and
sion of a receptor component of the functional oncostatin Mabsent on peripheral CD4£ells. Our results showed that gp130
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Fig 4. FACS analysis of gp130 on thymocytes and splenic T cells in aged MRL/Ipr and MRL/n. (A) and (C) Cells were prepared from aged
MRL/Ipr and MRL/n mice (20-week-old female) spleens. CD4+, CD8*, and Thyl.2+ cells were purified by MACS system, and gated by B220
expression. (B) Cells were prepared from thymus. The cells were then analyzed for gp130 expression. Closed and open histograms show staining
with RX19 and control rat myeloma IgG,,, respectively.

expression on splenic T cells of aged MRIt/ decreased vitro experiment, showing that the gp130 expression on D4
significantly. Serum IL-6 levels in 20-week-old MRpf mice CD8 and CD4/CD8" splenic T cells was significantly
have been reported to reach up to 0.4 nghhElevated serum downregulated by 2 days of incubation with IL-6. In contrast to
sIL-6R levels in aged MRIpr mice have also been showh, splenic T cells, gp130 expression on thymocyte subpopulations
suggesting that increased levels of IL-6—sIL-6R complex inwas relatively normal in IL-6 and IL-6/IL-6R transgenics as
MRL/Ipr may cause a reduction in gp130 expression on spleniavell as in MRLApr mice. As IL-6R was previously shown to be

T cells. In support of this idea, gp130 expression on the spleniaindetectable on thymocytes of aged MRL/by flow cytome-
CD4" cells and CD8 cells was significantly decreased both in try,2* it might be envisaged that failure of gp130 to receive IL-6
IL-6 single transgenic mice and in IL-6/IL-6R double trans- signals might explain the normal gp130 expression on thymo-
genic mice. Serum hIL-6 levels are 0.1 to 5 ng/mL in IL-6 cytes of aged MRLUpr. However, this was probably not the case
transgenic mice, whereas serum IL-6 levels in wild-type (WT) because normal gpl30 expression was not affected, even on
mice were only below 0.02 ng/m¥.In IL-6R single transgenic  thymocytes from the transgenic mice expressing both IL-6 and
mice, the gp130 distribution on splenic T cells was similar to IL-6R, in which IL-6R was abundantly expressed on thymo-
that observed in WT mice. These results indicated that thecytes. These observations suggest that immature thymocytes
expression of gp130 on splenic T cells was downregulated bynay have a mechanism to regulate gp130 expression differently
continuous gp130 stimulation. This was confirmed by the infrom that of peripheral T cells.
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Fig 5. FACS analysis of gp130 on splenic T cells from transgenic
mice. IL-6 single transgenic mice (IL-6*/R~ TQ), IL-6R single transgenic
mice (IL-6-/R* Tg), IL-6/IL-6R double transgenic mice (IL-6*/R+* Tg)
and wild-type mice (IL-6-/R~ Tg) were analyzed. Freshly isolated
CD4+ T cells and CD8* T cells from spleen were stained with RX19 and
control rat myeloma IgG,,. Closed and open histograms show the
staining with RX19 and control rat myeloma IgG,,, respectively.

WANG ET AL

Table 1. Expression of gp130 on Splenic T-Cell Subsets
in 16-week-old Transgenic Mice

T-Cell Subsets

Transgenic
Mice CD4+ CD8*
IL-6~/IL-6R~ 6.79 (9.22, 2.43)** 11.07 (14.70, 3.63)
IL-6*/IL-6R~ 2.32 (5.68, 3.36) 1.61 (5.74, 4.13)
IL-6~/IL-6R* 6.42 (8.83, 2.41) 10.13 (13.93, 3.80)
IL-6*/IL-6R* 2.24 (5.50, 3.26) 2.09 (6.32, 4.23)

Numbers represent differences in mean fluorescence intensities
(MFI) between RX19 and control staining (MFI of RX19-stained cells —
MFI of control-stained cells); numbers in parentheses show MFI of
RX19-stained cells and MFI of control-stained cells, respectively.

freshly isolated from IL-6 transgenic mice and lymphocytes
stimulated by IL-6 in vitro remain to be studied. Dittrich et
al?334reported that the cytoplasmic region of gp130 is required
for ligand induced endocytosis and downregulation of the
IL-6R/gp130 complex. Therefore, internalization of the IL-6/IL-
6R/gp130 complex may play a role, at least in part, in the
IL-6—dependent downregulation of the gp130 protein observed
in the present study.

Cellular responsiveness to cytokines has been considered to
be largely determined by the regulated expression of the
ligand-specific receptors, rather than the common signal-
transducing chains, such as gp130. IL-2, IL-4, IL-7, IL-9, and
IL-15 use the sameg chain as an essential subunit. IL-2R
chain and IL-2RB chain are shown to have restricted expres-

CD4+

IL-6(-)

IL-6(+)

CD8+

IL-6(-) IL-6(+)

cell number———»

=1

The precise molecular mechanism of IL-6—dependent down @
regulation of gp130 expression is unclear. It was previouslys=
shown that administration of IL-6 into mice can upregulate ==
gp130 mRNAn various tissues, including spleen, kidney, heart g
and liver® Such changes of gp130 mRNA were obtained only
transiently at 1 to 5 hours after IL-6 administration in a kinetic
study using livef Schoester et &lalso reported that gp130
MRNA is transiently upregulated 4 hours after stimulation by
IL-6 in human monocytes and then reached the basal levels 21
hours later. It appears that regulation of cell-surface expression Fig 6. FACS analysis of gp130 on cultured CD4*+ and CD8* cells.
of gp130 protein is quite different from that of gp130 mRNA. Purified CD4* and CD8* cells from C57BL/6 spleen (12-week-old

. e emale) were cultured in RPMI 1640 medium supplemented with or
These observations suggest that IL-6-dependent doWnregl’”évithout IL-6 (10 ng/mL) for 2 days. The cells were then analyzed for

t@on of gp130 expression might take place at a posttranscripgp13g expression. Closed and open histograms show the staining
tional level, although gp130 mRNA levels of lymphocytes with RX19 and control rat myeloma IgG,,, respectively.

gpi130 >
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