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Summary

Mucosal tissues of mice are enriched in T cells that express the 4/8 T cell receptor. Since ¢

function of these cells remains unclear, we have compared mucosal immune responses in /8

cell receptor—deficient (TCR&™'~) mice versus control mice of the same genetic backgroun
The frequency of intestinal immunoglobulin (Ig) A plasma cells as well as IgA levels in serur
bile, saliva, and fecal samples were markedly reduced in TCRS™'" mice. The TCR&T'~ mi
produced much lower levels of IgA antibodies when immunized orally with a vaccine of tet
nus toxoid plus cholera toxin as adjuvant. Conversely, the antigen-specific IgM and IgG ant
body responses were comparable to orally immunized control mice. Direct assessment of tf
cells forming antibodies against the tetanus toxoid and cholera toxin antigens indicated that sig
nificantly lower numbers of IgA antibody—producing cells were present in the intestinal lamir
propria and Peyer's patches of TCR&™ '~ mice compared with the orally immunized contr
mice. The selectve reduction of IgA responses to ingested antigens in the absence of v/8
cells suggests a specialized role for 4/8 T cells in mucosal immunity.

he mucosal immune system is considered as a separate

functional entity quite independent of the systemic
Immune compartment, since it possesses unique anatomical
features and is composed of specialized subsets of lymphoid
cells. For example, the v/8 T cells are prevalent among the
intestinal intraepithelial lvmphocyte (IEL) population (1-5).
The underlying lamina propria of the small intestne also
contains a higher frequency of 4/8 T cells than the sys-
temic lymphoid dssues (6). Most of the resident v/8 T cells
in intestinal epithelium express cell surface CD8 molecules
composed of ae homodimeric chains (7, 8), and their Vy
gene repertoire differs from that of the systemic v/8 T
cells. Thus the intestanal, utenne, and skin /8 T cells ex-
press the V7, Vy6, and Vy5 genes, respectively, whereas
svstemic /8 T cells predominantly express the Vy4 gene
(9, 10).

Studies of TCR-deficient mice suggest an important role
for /8 T cells in immune responses to intracellular bacte-
ria and parasites (11-13). The v/8 T cells appear to be re-
quired for control of mycobacterial infection (11) and con-
tribute to immunity after Plasmodivm yoelii vaccination,

since /8 TCR-deficient (TCR&'") mice do not respond
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normally to these intracellular microorganisms (12). The v/

T cells also play an accessory role in the late stages of pro
tective immune responses to Mycobacterium bovis Bacillu
Calmette-Guerin (13). These observations clearly implicar
v/8 T cells in microbial immunity, but the precise function
of ¥/8 T cells in specific immune responses remains un

clear. Our previous studies suggested that /8 T cells ar¢
important for the maintenance of mucosal IgA responses in
the presence of systemic unresponsiveness or tolerance in-
duced by oral immunization (14, 13).

To examine the role of 4/8 T cells in the induction and
regulation of mucosal Immunity, we compared the im-
mune responses in TCR&™'~ and control mice to oral im-
munizatnon with tetanus toxoid (TT) and cholera toxin
(CT) as mucosal adjuvants. This immunization regimen in-
duces intestinal secretory IghA (S5-1gA) responses as well as
circulating IgG and IgA antibodies to both antigens in nor-
mal mice (16, 17), thus allowing examination of the role of
/8 T cells in both mucosal and systemic responses. In this
communication, we report that in contrase to their normal
counterparts, TCR& ™'~ mice display sigmificant alterations
n IgA responses induced by oral immunizanion.
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Materials and Methods

w8 T Cell=deficient Mice. The TCRE ™ mice were con-
seevcted by introducing germline mutations in the TCR-4 chain
gene on a (129700 ¥ C537BLG) (H-2Y) background (18). The &
chain—deficient and (12%/01a * C57Bl/A)F, normal mice
[TCRA™) were barrier maincained in Trexler solators and have
remained pathogen antibody negative, At 5—6 wk of age, the
mice were removed from the colony isolator unit, housed in mi-
croisolator cages in horizontal laminar flow cabinets, and pro-
vided sterile food and water ad lib. The mice were between 7 and
10wk of age at the beginning of the experiment,

fmmunizatior.  Mice were immunized orally on days (0, 7, and
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Figure 1. Effect of TCR-8 gene disruprion on
immunaglobulin . production. (4] .".I'l[ll.HNi'\I\.'-prl.}-
ducing cells of 1gM (D), 12G (1), and IgA (W) 1s0-
opes were examined in gur-asseciated tisues and
the spleen by an ELISPOT assay. (B} Immunofluc-
rescence staining of small intestine tissue sections
from TCRE and coneral TCRETY mice. IgA-
containing cells were visualized by incubation wach
biotinylated goar antd=mouse o Flab"); followed by
avidin-AMCA. Results represent the values (mean
* SEM) for 12 mice in each experimental group.

14 with 0.25 ml PBS containing a mixmure of vaccine-grade TT
(250 pg/mouse; kindly provided by Dr. Patnaa J. Freda Pietro-
bon [Connaughe Laboratories Inc., Swiftwarer, PA]) and CT
(10 pgd/mouse; Lise Biologie Laboratories, Inc., Campbell, CA)
(16, 17).

Antibody Aszays.  Antibody titers in serum and fecal extracts
were determined by ELISA (16, 17). Assay plates (Falcon Mi-
crotest; Becron Dickinson & Co., Oxnard, CA) were coated wich
an oprimal concentration of TT (100 pl of 5 pg/ml TT, equiva-
lent to 0.8 floculation unitss/ml) or recombinant CT-B {100 pl of
5 pgdml of CT-B: List Biological Laboratories Inc.) in PBS. End
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point titers were expressed as the last dilution yielding an oprical
density at 414 nm (OD414) of =0.1 U above neganve control
values after a 15-min incubation. In some experiments, the plates
were coated with goat anti=-mouse Ig (Southern Biotechnology
Associates, Birmingham, AL) ar 2 pg/ml (100 pl/well), Total
IgM, 1gG, and IgA levels in serum saliva, bile, and fecal extracts
were estimated by comparison with serial dilutions of mouse g,
g, and IgA standards (Southem Biotechnology Associates).

Enseneration of Antibedy-producing Cell:.  The  spleen  was  re-
moved aseptically, and single-cell suspensions were prepared as
described (14, 15). Peyer’s parches carefully excised from the in-
testinal wall were dissociated using the neutral protease enzyme
Dispase® (Bochringer Mannheim Corp., Indianapolis, IN) in Jok-
lik-modified medium (Life Technologies, Inc., Gaithersburg,
MIY) to obtain single-cell preparations (16, 17). Mononuclear
cells in the lamina propria were isolated after remeval of PP from
the small intestine using a combination of enzymaric dissociation
and discontinuous Percoll gradients (Pharmacia, Uppsala, Swe-
den) (6, 19). Mononuclear cells in the interface berween the 40
and 73% layers were removed, washed, and resuspended in
BPMI 1640 containing 10% FCS. An enzyme-linked immuno
spot assay was used to derect cells producing IghM, [gG, and IgA
antibodies (14, 16). 96-well nitrocellulose plates (Millitiver HA;
Millipore Corp., Bedford, MA} were coated with goat anti-
mouse Igat 2 pg/ml (100 pl/well) to detect toral IgM, 1gG, and
[gA antibody—forming cells (AFC), 5 pg/ml of CT-B (100 pl/
well) for anti—CT-B—specific AFCs, or 5 pg/ml of TT (100 ul/
well) for anti-TT—specific AFC (16, 19).

Immurchistology of the Small Ttestine. Samples of mouse jejunum
and ileum were obuined from TCR&™~ and control mice for
conventional histology and staining of antibody-containing cells
(19). 1-cm portions of intestine were opened longimdinally,
mounted on thin cards, and washed in three changes of PBS at
4°C over a period of 2 h to remove tissue-associated lg. The ts-
sue was then fixed in 3% glacial acedic acid in 95% cthanol at
—20°C for 24 h before paraffin embedding, 4-pum-thick serial tis-
sue sections were mounted on glass slides, and Ig-conmining cells
were visualized by three-color staiming with FITC-labeled goar
(Fab'); anti-mouse W (Southern Biotechnology Associates),
RITC-labeled goar Flab'), anti-mouse vy (Southem Biotechnol-
ogv Associates), and biotinvlated Flab"), anti-mouse o (Southern
Biotechnology Asseciates) followed by avidin-T-amino-4-methylo-
coumann-3-acetic acid (AMCA,; Jackson ImmunoR.esearch Lab-
oratories, Inc., West Grove, PA [19]).

Statistics.  Mean numbers of AFC in the different tssues were
compared among experimental and control groups by Wilcoxon
signed-rank rest, Mean percentages of lg-containing cells per villi
were caleulated from multiple determinations of experimental
and control groups and compared by Wilcoxon signed-rank test.

Results

Dfidency of lpA-producing Cells in TCRE '~ Mie. The wvast
majority of /8 T cells are located in the epithelium of the
small intestine of normal mice (1-3). suggesting thar ab-
sence of this T cell subset in this mucosal effector site could
influence immunological homeostasis. Since previous stud-
ies have not assessed /8 T cells for their participation in
regulation of humoral and mucosal immune responses, we
initially examined the effects of TCR-6 gene disruption on
the numbers of IgM-, 1gG-, and IgA-producing cells in
systemic and mucosal ossues, and levels of [gM, 1gG, and
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IgA present in serum, saliva, bile, and fecal extracts. When
the frequency of lg-producing cells was compared between
spleens of nonimmunized TCRS mice and control
mice of the same (129 X B6)F, background (TCR&{7),
comparable numbers of IgM- or IgG-producing cells were
seen. In constrast, the numbers of IgA-secreting cells in the
intestinal lamina propria and Pever’s patches of TCR& '~
mice were significantly lower than in control TCR& '™
mice (P <0.02, Fig. 1 A).

The frequency of IgA-containing cells was also evaluated
in tissue sections of jejunum and ileum by immunohisto-
logical analysis. Enumeration of the IgA-producing cells in
the lamina propria of the small intestine indicated a reduc-
tion of IgA plasma cells in TCR& '~ mice. The numbers
of intestinal IgA plasma cells in normal and mutant mice
were 460 = 63 and 116 £ 22/10 fields, respectvely (P
<0.002, Fig. 1 B). The reduction in [gA-producing cells in
TCR&'~ mice was confirmed by an assessment of anti-
body levels in serum, saliva, bile, and fecal extraces using an
isotype-specific ELISA. The IgA levels were reduced by
~80% in fecal extracts obmined from TCR&™'~ mice
compared with fecal IgA levels in control TCR&™'™ mice
(P =<0.001, Table 1). Serum IgA levels were also reduced
in TCR&™'~ mice (P <0.003), whereas IgM and IgG lev-
els were normal (Fig. 2, Table 1). Further, IgA levels|in sa-
liva and bile of TCR& '~ mice were significantly lower |
than controls (P <(.005, Table 1). _

Reduction of TT-specific [gA Responses in Orally Immunized |
TCRA™'~ Mice. The antibody response to TT was exam-|
ined in TCR&™' mice that were immunized orally with a
vaccine contaiming TT and CT o examine the potential
mvolvement of /8 T cells in antigen-specific IgA re-
sponses. When TT-specific serum antibody responses were
compared after three oral doses of the combined vaccine
the TCR&™"" mice and their normal littermates (TCRA&™ ]
produced almost identical levels of 1gGG antibodies to botl
proteins, whereas lower serum IgA responses were seen i
TCRE™'~ mice (P <0.003, Table 2). When TT-specifi’
antibodies were assessed in fecal samples, lower IgA re
sponses were noted in the TCR&™ ~ mice (P <0.005, Ta
ble 2). To evaluate these findings at a cellular level, we ext
amined the frequency of antigen-specific AFC in differer
tissues of mice immunized orally with the combined vac
cine by using the ELISPOT assav. A reduction in the nun
bers of TT-specific IghA AFC was noted in both Pﬂcr g
patches and intestinal lamina proprna in the TCRS ™ mid
when compared with control mice (P <<0.01, Fig. 3 A).

Characrerization of Antibody Response to Cholera | Toxin
Subnnit in TCRS™ '™ Mice. It is possible that hyporespo.
siveness of TCR&™'~ mice to combined TT was due |
unresponsiveness to the adjuvant effect of CT. Since t
CT molecule possesses strong immunogenicity in addio.
to mucosal adjuvant activity for IgA responses, we coulda
measure lgA responses to the C T antigen. Serum and fe
extracts as well as mononuclear cells from vanious ossues
both TCR&™ '~ mice and controls were obtained 1 wk| =
ter the last oral dose of the combined vaceine for analysis
CT-B—speafic responses by ELISA and ELISPOT asse
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Table 1. Low Levels of Total Serum and Secretory lpA Antibodies
in TCRE™~ Mice

Mouse stramns Fecal Saliva Bile Serum

g Sl ng/mi g Sl peg/ml
TCR&™'~ 2x1 24419 270 £ 30 255
TCR&** 1122 7532100 3849 *155 12510

Values represent the mean endpoint orer = SEM for nine mice in each
experimental group.

When CT-B-specific serum responses were compared be-
rween TCR&™~ and normal mice, lower CT-B—specific
IgA titers were detected in the former (P <<0.008, Table 2).
When CT-B—specific antibody titers were examined in fe-
cal extracts, a significant decrease in the antigen-specific
IgA levels was observed in TCR8™'~ mice (P <0.01, Ta-
ble 2). Reductions in CT-B—specific IgA-producing cells
in both intestinal lamina propria and Peyer's patches were
also observed in orally immunized TCR&™~ mice (P <2103,
Fig. 3 B).

Discussion

These studies suggest that 4/8& T cells exert an unex-
pected role in mucosal immuniry. Decreased levels of total
serum and secretory IgA as well as the reduction of IgA re-
sponses to both tetanus toxoid and cholera toxin anngens
in TCR&™'~ mice suggests that v/8 T cells can regulate the
IgA response. In contrast, we found that IgM and IgG ann-
body responses were unimpaired in TCR8 ™'~ mice when
compared with normal controls,

CD4* a/B T cells have been shown to be essential for
IgA B cell responses (for review see reference 20), whereas
the results of this study suggest that v/8 T cells also may
regulate the mucosal IgA immune response. The helper T

Serum

cells thar preferenually produce 1L-4, IL-5, IL-6, and
IL-10, the Th2 subset of CD4* cells, promote IgA re-
sponses (16, 21-23). Our earlier studies indicated that oral
immunization of normal mice with the combined TT and
CT wvaccine induced Th2-type cells in the IgA mucosal re-
sponse (16), and TCR-B™'~ mice are essentially devoid of
mucosal [gA-producing cells (Fujihashi, K., M.-MN. Kweon,
M. Marinaro, K. Imacka, R]. Jackson, [ R. McGhee, and
H. Kiyono, manuscript in preparation). Function-loss mu-
tations in the CD40L gene in humans and mice result in
the failure to generate T cell-dependent secondary hu-
moral immune responses, including andbodies of IgG and
IgA isotvpe (24, 25). A severe impairment of IgA responses
is also observed in anf-CD4—treated and athymic mice,
which also have reduced germinal center development and
few lgA-producing cells in the intestinal lamina propra
(19, 26). The interaction between CD4™ Th2 cells and B
cells that are induced to undergo isotype swirtching nor-
mally occurs in germinal centers (20), where the interac-
tion berween CD40L on the activated CD4* o/B T cells
and the CD40 molecule on B cells also initiates 2 signal
needed for the isotype switch process (for review see refer-
ence 27). A special subset of the CD47 a/P T cells is thus
essential for the induction of svstemic IgA responses.

Qur present results suggest that v/8 T cells may serve an
important regulatory role for mucosal IgA responses in that
TCR&™ '™ mice possess normal numbers of funcdonal a/p
T cells bur display markedly decreased IgA responses to oral
immunization. The previous studies also suggested that /8
T cells may play an important role in the maintenance of
mucosal IgA responses in the presence of oral tolerance (14,
15). One possible explanation for this unexpected finding is
that y/8 T cells positively influence a/B Th2 cells that reg-
ulate IgA immune responses in mucosal tissues. In this sce-
nario, a triad interaction between mucosal v/8 T cells, a/B
Th2-type cells, and IgA B cell precursors is involved in the
induction of maximal IgA responses to oral antigens. Ex-
periments in mice (11, 13, 28) and in chickens (29, 30) in-
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Figure 2. IgM, IgG, and IgA
levels 1n serum and fecal extraces
of TCR& '~ and TCR&™™
mice. These levels were |deter-
mined by an ELISA using mouse
IgM. IgG. and IgA standards.
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Table 2.  Selective Impainment qffg,4 Responses to Chal
Tmmumization with TT and CT Antigens in TCRE ' Mice

Antibody titer (Log,)

Fecal Serum
Mounse — —_—
Antigen  strains IgA Igh IgG Ighl
T TCRE-/-50*+03 B0 x03166 0311603
TCRAT 7305108 0416807114 £04
CT-B TCRE 5720510604162 £0211.0%02
TCREH* 8303125 0317005107 £ 04

Values represent the mean end point titer & SEM for nine mice in each
experimental group. The antbody end point ttraton was performed
by ELISA as described in Materials and Methods.

deed suggest that bidirectional interactions berween a/[
and v/8& T cells may have funcronally important conse-
quences. Alternatively, the v/8 T cells could have a direct
effect cither on the differentiation of sigA* B cells or in the
induction of the mucosal IgA switch process. A recent
study indicates that activated /8 T cells can express

CD40L and thereby induce an IgE B cell response (31). It
thus seems possible that mucosal CD40L* /& T cells are
capable of direct interaction with CD40* B cells to induce
IgA responses. The observation of significant IgA produc-
tion in CD40~/~ and CD40L™'~ mice (25, 32, 33) abo
raises the possibility of an alternative set of interaction mol-
ecules that could allow /8 {or a/B} T cells in the mucosal
compartment to induce IgA responses to ingested anrigens.

QOur previous studies and those of others indicate that ¥/
IEL can produce an array of Thl- and Th2-rype cytokines,
as well as TNF-a and TGF-B (34, 33). Specifically, the v/8
[ELs can secrete IL-5 and IL-6, which are key cytokines for
inducing slgA™ B cells to differentiate into IgA plasma cells
(34, 35). Moreover, ¥/ T cells in other mucosal effector
tissues, such as the salivary glands, are commutted to pro-
duce IL-5 and IL-6 (36), and the frequency of [gA-produc-
ing cells is reduced in the salivary glands of TCR&™"™ mice
{data not shown). IzA-producing cells are also greatly re-
duced in intestnal dssues of [L-6"" mice (37). The im-
paired IgA responses in TCRB™'~ mice could therefore re-
flect the absence of mucosal v/8 T cells that produce IL-5
and IL-6.

Yer another possible explanation for our findings is that
the lack of ¥/8 T cells in intestinal epithelinm negarively
influences epithelial cell production of TGF-f and IL-5,
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ues (mean = SEM) for nine mice in each experimental group.

1933 Fujihashi et 2l

Brief Definitive Report



T cell recepror—positive (TCR™) T cells abrogate oral toler-
ance, while w/B TCR* T cells provide B cell help. . Exp.
Med. 175:695-707.

16. Xu-Amane, |., H. Kiyvono, B.J. Jackson, H.F. Staars, K. Fuji-
hashi, P.D. Burrows, C.0O. Elson, 5. Pillai, and [.R. McGhee.
1993. Helper T cell subset for immunoglobulin A responses:
oral iImmunization with tetanus toxoid and cholera toxin as
adjuvant selectively induces Th2 cells in mucosz-associated
cssues. . Exp, Med, 178:1309-1320.

17. Jackson, R.]., K. Fujihashi, J. Xu-Amano, H. Kiyvone, C.0O.
Elson, and J.R. McGhee. 1993, Oprimizing oral vaceines: in-
duction of systemic and mucosal B-cell and antibody re-
sponses to tetanus toxoid by use of cholera toxin as an adju-
vant. Infect, Immun, 61:4272-4279,

18. Itohara, 5., P. Mombaerts, J. Lataille, J. lacomini, A. Nelson,
A_ Farr, and 5. Tonegawa, 1993, T cell recepror § gene mu-
tant mice: independent generation of af T cells and pro-
grammed rearrangements of ¥8 TCR gene, Cell. 72:337-348.

19. Mega, J., M.G. Bruce, K.W. Beagley, |.R. McGhee, T.
Taguchi, A.M. Pitts, M.L. McGhee, R.P. Bucy, J.H. Eld-
ridge, |. Mestecky, and H. Kivono. 1991, Regulation of mu-
cosal responses by CD47 T lymphocytes: effects of and-L3T4
treatment on the gastrointestinal immune system. Int. mmu-
nol. 3:793-805.

20, MeGhee, J.R., ]J. Mestecky, C.0. Elson, and H. Kivono.
1989, Regulation of IgA synthesis and immune response by
T cells and interdeukins. | Clin. Irmunol, 9:175-199,

21. Beagley, K.W., J.H. Eldndge, H. Kiyono, M.P. Everson,
WJ]. Koopman, T. Honjo, and LR, McGhee. 1988, Recom-
binant murine 1L-5 induces high rate lgA svnrhesis m eyeling
IgA-positive Pever's paech B cells. | Tomunol. 141:2035-2042,

22, Beagley, K.W.. J.H. Eldndge, F. Lee, H. Kiyono, M.P. Ever-
son, W.]. Koopman, T. Hirange, T. Kishimeoto, and JR.
McGhee. 1989, Inrerleuking and lgA synthesis. Human and
murine interleukin 6 induce high rate Igs secretion in IgA-
commirted B cells. [. Exp. Med. 169:2133-2148.

23, Defrance, T., B, Vanbervlier, F. Briere, I. Durand, F. Rous-
ser, and J. Banchereau. 1992, Interleukin 10 and transforming
growth factor B cooperate to induce and-CD4(0-activated
naive human B cells to secrete immunoglobulin A, . Exp.
Med. 175:671-682,

24, Aruffo, A, M. Farrington, 13. Hollenbaugh, X. Li, A. Mila-
tovich, 5. Monovama, ]. Bajorath, L.S. Grosmaire, R Sten-
kamp, M. Neubauer, et al. 1993. The CI40 ligand, gp39, is
defective in activared T cells from patients with X-linked hy-
per-lgM syndrome. Cell. 72:291-300,

25. Renshaw, B.R., W.C, Fanslow Ill, R|. Armitge, K.A.
Campbell, I, Liggitt, B. Wright, B.L., Davison, and C.R.
Maliszewski, 1994, Humoral immune responses in CD40
ligand—deficient mice. . Exp. Med. 180:1889-1900,

26, Guy-Grand, D, C. Griscelli, and P. Vasslli. 1975, Peyer's
patches, gut IgA plasma cells and thvmic function: study in
nude mice bearing thymic grafts. . Immunol. 115:361-364.

27. Aversa, G., J. Punnonen, .M. Carballido, B.G. Cocks, and
J.E. de Vries. 1994, CD40 ligand-CI40 interaction in Ig iso-
type switching in mature and immarure human B cell
Semin, Tmniunel. 6:295-301.

28. Kaufimann, $.H., C. Blum. and S. Yamamote. 1993, Crosstalk
berween a/B T cells and 4/8& T cells in vive: acovadon of w/B
T-cell responses after v/8 T-cell modulation with the mono-
clonal antbody GL3. Prac. Natl. Aead. Sd. USA, 90:9620-9624,

1935  Fujihashi et al.

Brief Definitive Report

29, Annla, T.P, P. Towvanen, and O. Lassila. 1993, Helper activ-
ity of CD4" af T cells is required for the avian 48 T cell re-
sponse. Eur. [, Immuerol. 23:2034-2037.

30. Kasahara, Y.. C.H. Chen, and M.D. Cooper. 1993, Growth
requirement for avian 48 T cells include exogenous cyto-
kines, recepror ligation and in vive priming. Eur. [, Immunol.
23:2230-2236.

31. Homer, A A, H, Jabara, M. Ramesh, and RS, Geha, 1995,
/8 T lymphocyres express CD40 ligand and induce isotype
switching in B lymphocytes. J. Exp. Med. 181:1239-1244,

32. Kawabe, T., T. Maka, K. Yoshida, T. Tanaka, H. Fujiwara,
S. Suemarsu, M. Yoshida, T. Kishimoto, and H. Kikutani.
1994, The immune responses in CD40-deficient mice: im-
paired immunoglobulin class switching and germinal center
formation. Impmmity. 1:167-178,

33, Castigh, E., F.W. Alt, L. Davidson, A. Botaro, E. Mizogu-
chi, A.K. Bhan, and B.5. Geha. 1994, CDd0-deficient mice
generated by recombination-activating gene-2-deficient blas-
tocyst complementation. Proe. Nal. Acad. Sd. USA) 91:
12135-12139.

34, Taguchi, T., W.K. Aicher, K. Fujihashi, M. Yamamoto, J.R.
McGhee, J.A. Bluestone, and H. Kivono. 1991, Novel func-
ton for intestinal intraepithelial lymphocytes: murnne CIX37,
¥ATCR" T cells produce IFN=y and IL-5. J. fmmunol. 147:
3736~3744,

35. Barrenr, T.A., T.F. Gajewski, D. Danielpour, E.B. Chang,
K.W. Beagley, and J.A. Bluestone, 1992, Differential func-
rion of mnresunal intraepithelial lymphocyte subsets. |, frimin-
nol. 149:1124-1130,

36. Hirei, T., K. Fujthashi, ].R. MeGhee, and H. Kiyono. 1995,
Polarized Th2 cytokine expression by both mucosal 48 and
af T cells. Eur. [. Immunol. 25:2743-2751.

37. Ramsay. AJ. AJ Husband, LA. Ramshaw, 8. Bae, K.I
Matthaei, G. Kochler, and M. Kopf. 1994, The role of inter-
leukin-6 in mucosal [gA antbody responses in vive. Sdence
(Wash. DCJ. 264:361-563,

38, Anzano, M.A., D). Rieman, W. Prchen, D.F. Bowen-Pope,
and R Greig. 1989, Growth factor production by human co-
lon carcinoma cell line. Camcer Res. 49: 28982904, |

3. McGee, DVW., KLW. Beagley, W.K. Aicher, and J.R. Mc-
Ghee. 1993, Transforming growth factor B and IL-1B act in_
synergy to enhance [L-6 secretion by the intestinal epitheliall
cell line, IEC-6_ . Immunal. 131:970-978.

40. Kvale, D., I, Lovhaug, L.M. Sollid. and P. Brandrzaeg®
1988, Tumor necrosis factor- up-regulates expression of
secretory component, the epithelial recepror for polymeric
Lg. J. Immunol, 140:3086-3049,

41. Phillips, ].0., MLP. Everson, Z. Moldoveanu, C. Lue, and |
Mestecky. 1990, Synergistic cffect of IL-4 and TFN-¥ on th
expression of polymeric g receptor (secretory componen
and IgA binding by human epithelial cells. J. Immuiiol. 14

17401744,

42. Komano, H., Y. Fujiura, M. Kawaguchi, 5. Masumoro,
Hashimote, 5. Oana, P. Mombaerts, 5. Tonegawa, H. Yz
mote, 3. Irohara, er al. 1995, Homeostatic regulation of ir
testinal epithelia by intraepithelial & T cells. Proc. Natl. Aca
Sd. USA. 92:6147-6151. |

43. Boismenu, R, and W.L. Havran. 1994, Modulation of
thelial cell growth by intraepithelial & T cells. Seience (Has
DC). 266:1253-1255,



