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ABSTRACT

Oral administration of antigen has long been used in the induction of immune tolerance
in various animal models of autoimmune diseases including rheumatoid arthritis (RA).
Alleveation of arthritogenic symptoms has been reported from RA patients who received
oral administration of type II collagen (CII) without side effects, however its rather
inconsistent therapeutic efficacy and variation among patients calls for more detailed
investigation on the mechanism of oral tolerance to be settled as regular treatment for
RA. In an attempt to understand the immunogenic processes underpinning tolerance
induction by orally administered CII, we analyzed changes in the expression of
costimulatory molecules and STAT/SOCS signaling messengers in the mouse model of
collagen induced arthritis (CIA). We found thatin the spleen of CIA mice, that has been
undergone repeated oral feeding of CII prior to the induction of arthritis, showed
increased promortion of CTLA4 expressing lymphocytes than in the spleen of PBS fed
control. On the other hand, cells expressing CD28 or ICOS were decreased in the spleen
of tolerized mice. Tolerance induction by oral CII administration also enhanced the
expression of STATG6 in both RNA and protein level, while not affecting the expression
of STAT3. The expression of SOCS3, which hasbeen known to transmit STAT-mediated
signals from Th2 type cytokines, remained unchanged in the spleen of tolerized mice.
Interestingly transcript of SOCS1, which has been associated with Th1 related pathways,
was only visible in the spleen of tolerized but not of control mice, suggesting that as
in the case of IL-6 signaling, it may exert a feed back inhibition toward the Thl type
stimulation. (Immune Network 2003;3(3):248-254)

Key Words: Oral tolerance, rheumatoid arthritis, type II collagen, co-stimulatory
molecules, STAT, SOCS
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GAG TG-3’CTLA-4 : forward 5’-GGG TGT TTC ATG
TGC TGT TG-3’, reverse 5’-GGA ATG AGG CAT TTC
CTT GA-3’, STAT3 : forward 5’-ACC AAC ATC CTG
GTG TCT CC-3’, reverse 5’-CAT GTC AAA CGT GAG
CGA CT-3’, STAT6 : forward 5°-CTT CAA CGA CAA
CAG CCT CA-3’, reverse 5’-CTG GCT CAT TGA GGA
GAA GG-3* SOCSI1 : forward 5°-CTT AAC CCG GTA
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Figure 1. Reduction of arthritis index in mice tolerized by oral
administration of CII. Mice that were given repeated oral CII
feeding prior to the induction of arthritis showed decreased
arthritis index compared to that of non-tolerized controls that
were given PBS instead of CII. The peak point of arthritis was
observed around 7 weeks (e. g. days G0-GG6) after the primary
injection of CII for CIA induction (arrow).

Figure 2. Alleviation of foot and ankle inflaimmation in tolerized
mice. Mice tolerized by oral CII (right) showed significant
allevelation of edama and redness in the food and ankle joint
compared to non-tolerized controls (left).
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Figure 3. mRNA expression of co-stimulatory molecules in
splenocytes. Expression of costimulatory molecules CD28,
CTLA4 and ICOS was analyzed by RT-PCR analysis. Spleen
lymphocytes were isolated from tolerized and non-tolerized mice
and cultured in vitro with (CII) or without (nil) CII stimulation.
b2 microglobulin (b2 M) was used as an internal control.
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Figure 4. Expression of co-stimulatory molecules in the CD4+ portion of splenocytes. Proportion of cells expressing CD28 (A),
CTLA4 (B) and ICOS (C) was compared between spleen lymphocytes of tolerized and non-tolerized controls that were cultured in
vitro for 2 days in the presence (CII) and absence (nil) of CII stimulation, and analyzed by dual FACS staining of CD4+ and each

co-stimulatory molecules.
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Figure 5. Expression of co-stimulatory molecules in the CD25+ portion of splenocytes. Proportion of cells expressing CD28 (A),
CTLA4 (B) and ICOS (C) was compared between spleen lymphocytes of tolerized and non-tolerized controls that were cultured in
vitro for 2 days in the presence (CII) and absence (nil) of CII stimulation, and analyzed by dual FACS staining of CD25+ and each

co-stimulatory molecules.
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Figure 6. mRNA expression of STAT3 and STATG in spleno-
cytes. The amount of STAT3 and STATG transcript was assessed
by RT-PCR analysis of spleen lymphocytes isolated from
tolerized and non-tolerized control and cultured in vitro for 6
hrs with (CII) and without (nil) CII stismulation. b2 microgl-
obulin (b2 M) was used as an internal control.

H| A A|E£E5 western blotoZ ZAEE A3} STAT69]
e 8ol GEE ulg oAk B 5 gl9l
o, mRNAS] 739} o] ClE A3 735 2F7ke]
7 JehidichFig. 7). e b elabkstel ofgt
STAT62] 243} okio|E W3yl JEAE Lol Y|
$13ke] 1 phosphorylated epitopes A3l A& A

23} western blote A|3§s}¢l=d], Wi e ZAE7F YT
okslo] Al AlE & o oy 94 FE FET Foll

At #2w) = okARS- W 9dvh(data not shown). STAT3 T+
Aol ok AL {FET -‘Jr tz7 Alolof] Zo]7} ¢1d
th(Fig. 7).

A.
non
tolerized tolerized
stimulation P\ P\ S\
| —m— = GTAT-3
. G C— — B_actin
B.
non
tolerized tolerized
stimulation P\ A P\ S\
“om - — STAT-6

— ——— (_actin

Figure 7. Expression of STAT3 andSTATG protein in splenocy-
tes. Protein expression of STAT3 and STATG6 was analyzed by
western blot analysis of spleen cell extracts prepared from
tolerized and non-tolerized mice after in vitro stimulation. Mouse
b-actin was used as an internal control.
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Figure 8. mRNA expression of SOCS1 and SOCS3 in
splenocytes. The amount of SOCS1 and SOCS3 transcript was
assessed by RT-PCR analysis of spleen lymphocytes isolated from
tolerized and non-tolerized control and cultured in vitro for 6
hrs with (CII) and without (nil) CII stismulation. b2 microglo-
bulin (b2 M) was used as an internal contro
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