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Abstract

The state of activation of normal human intestinal mononu-
clear cells obtained from transplant donors was studied. Com-
pared with PBMC, freshly isclated intestinal mononuclear
cells expressed significantly more cell surface activation anti-
gens on both B and T lymphocytes. Intestinal mononuclear
cells contained significant numbers of immunoglobulin secret-
ing cells immediately after cell separation. This population
included CD5-positive B cells that secreted predominantly
IgA. Cells from the large bowel consistently revealed higher
numbers of IgA secreting cells than cells from the small bowel.
Thus, intestinal B cells are markedly activated in vivo com-
pared with PBMCand this increased activation correlates with
increased spontaneous antibody secretion. B cells from the
large intestine are more highly activated and secrete more an-
tibody than do cells from the small intestine. The intestinal
lamina propria lymphoid compartment exhibits a heightened
state of activation that may be important for its distinct role in
mucosal defense.

Introduction

Previous studies have demonstrated that human intestinal
mononuclear cells (INT MNC)' have increased spontaneous
antibody secretion after 14 d in vitro culture (1). This en-
hanced secretion may be due to B cell activation per se, in-
creased T cell help, decreased suppressor cell activity, and/or
an increase in secretion of B cell growth and differentiation
factors. Determining the mechanism(s) for this increased
spontaneous antibody secretion is important, both for a better
understanding of normal intestinal B cell activation and for
providing a basis for the understanding of B cell activation and
antibody secretion in disease states. Studies to date of normal
INT MNCfunction have been hampered by the fact that only
small numbers of INT MNCcan be obtained, usually at the
time of surgery from patients with colonic disease. Therefore
limited studies can be performed and important variables such
as medications, nutrition status, and the disease process itself
may influence the results. In this paper we describe the use of
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transplant donor intestinal specimens, which now allows the
examination of normal INT MNCfrom both large and small
bowel.

Weinvestigated the activation state of normal INT B cells
by three methods. First, we quantitated the expression of acti-
vation markers on the plasma membrane using MAb. Second,
we quantitated immunoglobulin-secreting cells (ISC) immedi-
ately after cell separation (time zero) and after various periods
of time in culture. Finally, we have correlated these data with
total and isotype-specific Ig secretion in culture. Wefind by all
three criteria that normal INT B cells are more activated than
PBMC. B cells from large bowel are more activated by these
criteria than the equivalent cell population from small bowel.
The presence of a highly activated population of lymphocytes
at this intestinal mucosal surface may be an important mecha-
nism of host defense and of normal bowel immunity.

Methods

Isolation of cells. PBMCwere isolated from heparinized blood of nor-
mal healthy volunteers using Ficoll-Hypaque centrifugation (2). Nor-
mal small and large bowel INT MNCwere obtained from surgically
removed specimens from individuals donating organs for transplanta-
tion, at the same time as other donor organs were harvested. Warm
ischemia time was < 45 min, which is shorter than that for surgically
removed specimens. Protocols were approved by the Human Use
Study Committee at Washington University School of Medicine.
Mononuclear cells from human intestinal mucosa were isolated as
described (3). Briefly, the mucosa was dissected free, cut into fine
pieces and washed repeatedly in calcium- and magnesium-free HBSS
containing antibiotics. The minced pieces were stirred in multiple
changes of media containing 0.75 mMEDTA. After epithelial cells
were removed, the tissue was incubated overnight in collagenase me-
dium and 20% heat-inactivated pooled human serum. After collagen-
ase digestion, cells were centrifuged through Ficoll-Hypaque, Percoll,
and fetal bovine serum gradients. INT MNCcontained 70±5% T cells,
12±3% B cells, and 8±4% monocytes. They were > 95% viable by
trypan blue dye exclusion. Intestinal MNCcontained 8-10% plasma
cells by morphologic staining. There were no epithelial cells in INT
MNCas assessed by morphology or staining with antibody to Factor
VIII (Dako Corp., Santa Barbara, CA) and keratin (Hybritech, San
Diego, CA).

In some experiments, B and T cells were isolated by twice rosetting
with 2-aminoethylthiouronium-bromide-treated sheep red blood cells
(4). B cell enriched populations contained > 50% surface Ig (sIg) posi-
tive cells, < 1% E rosette positive cells, with the remaining cells con-
taining plasma cells, 5-15% monocytes, and 5-10% null cells. T cell
enriched subpopulations contained > 95% E rosette positive cells and
< 1% sIg positive cells. CD5-positive B cells were obtained by cell
sorting B cell-enriched INT MNCusing Leu 1 (Becton Dickinson &
Co., Oxnard, CA) on a FACS(model 400; Becton Dickinson & Co.).

Surface staining. The following MAbswere used: 4F2, which recog-
nizes a 1 20-kD cell surface protein that appears on activated cells (5);
5E9, which recognizes the transferrin receptor (6); anti-TAC which
recognizes a 55-kD protein of the IL 2 receptor (a kind gift of Dr. T.
Waldmann, National Institutes of Health, Bethesda, MD) (7); and
BA5, which recognizes the high molecular weight B cell growth factor
receptor (kind gift of Dr. J. L. Ambrus, National Institutes of Health)
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(8). For single staining, 106 mononuclear cells were incubated with the
MAb for 60 min at 40C in the presence of 1 mg/ml human IgG to
block Fc receptors. After washing, positive cells were counted by fluo-
rescent microscopy or by fluorescence-activated dual microcytometry
(FACS). For microscopic evaluation, cells were incubated with latex
beads for 45 min at 370C and then washed three times before incuba-
tion with the MAb. When fluorescent microscopy was used, positive
cells were determined by the total number of fluorescent cells which
had not ingested latex beads (nonphagocytic cells) minus the back-
ground (number of cells positive with second antibody alone). For dual
staining, cells were incubated as before with the MAband washed.
Phycoerythrin-conjugated goat anti-mouse Ig (Biomeda, Foster City,
CA) was then added. After 60 min at 4VC, the cells were washed and
directly fluoresceinated Leu-l or Leu-4 (T cells), Leu-12 (B cells), or
Leu-M3 (monocytes, Becton Dickinson & Co.) was added for 60 min
at 4VC. After washing, the cells were placed in 1% paraformaldehyde
until they were analyzed. The percentage of positive cells was assessed
by fluorescence activated dual microcytometry. Two-dimensional
graphs were obtained and the percentage of B cells, T cells, or mono-
cytes that were positive for activation antigens was measured using a
computerized program. Initial studies revealed that gating out mono-
cytes also removed the large preactivated lymphoblastoid cells. Large
cells contain monocytes that are positive for 4F2 and 5E9 (5, 6). There-
fore for FACSstudies, only those mononuclear cell populations with
< 5% monocytes were used. In some experiments, positive cells were
estimated by both fluorescent microscopy and FACSand similar re-
sults were obtained. The percentage of B and T cells were 12±3 and
70±5%, respectively. In some experiments 106 MNCwere cultured
with PWM(1:200 vol/vol, Gibco Laboratories, Grand Island, NY), for
3 and 5 d, washed, and stained for various surface antigens as above.

Immunoglobulin secretion. 2 X I05 cells were cultured in complete
media (10% FCS, 50 ,g/ml gentamicin) in 200 ,l for 14 d. After 14 d,
supernatants were assayed for IgG, IgA, and IgM by ELISA (9). For
kinetic experiments, multiple wells were set up as above and superna-
tants from triplicate wells were removed at days 0, 2, 4, 6, 8, 1 1, and 14
and assayed for Ig. Cell viability was > 90% until day 7, 50-70% until
day 11, and after 14 d in culture was 45%.

ISC were assayed by a spot ELISA technique (10). Briefly, 96-well
flat-bottom plates were coated with anti-human IgG, IgA, or IgM
(Cappel Laboratories, Malvern, PA) overnight at 4°C. The plates were
then washed with PBS-Tween and cells, at varying dilutions in 1%
BSA-RPMI, were added for 18 h at 37°C. After washing with PBS-
Tween, alkaline phosphatase-conjugated anti-human IgG, IgA, or
IgM (Sigma Chemical Co., St. Louis, MO)was-added for 3 h at 37°C.
The plates were washed once again with PBS-Tween and the substrate,
5 bromo-4-chloro 3-indolylphosphate 2-amino-2-methyl-l-propanol
in 3%agarose was added for 6 h. Because the final substrate is added in
agarose, Ig secreted by the B cells at the start of assay leaves a footprint
on the plate that can be read as a blue spot. The number of spots on the
plate were counted under a magnification of 3 to determine the num-
ber of ISC per 106 mononuclear cells. For ISC at days 3 and 6, 106 cells
per ml were cultured in round bottom 12 X 75 tubes (Fisher Scientific
Co., Pittsburgh, PA) in complete medium. On the day of assay, the
cells were washed twice in RPMI and set up in RPMI and 1%BSAas
described above.

Lymphokine secretion. To assay production of IL 2 and IFN-y 2
X 106 T cells per ml were placed in complete media, with and without 2
/Ag/ml PHA. Cells were cultured in flasks and supernatants removed
after various times in culture. Supernatants were filtered and stored at
-200C until assayed for IL 2 or IFNy.

Assay for IL 2 and IFNy. IL-2 activity was measured using CTLL
cells, a murine IL 2-dependent T cell line (kind gift of Dr. Paul Allen,
Washington University School of Medicine). 4 X 103 cells per well
were cultured in 96-well flat-bottom microtiter plates in complete
media for 36 h with and without T cell supernatants. Known amounts
of recombinant IL 2 (kind gift of Dr. E. S. Medlock, Amgen Corp.,
Thousand Oaks, CA) were used as standards. In some experiments
PC61 and 7D4, antibodies to IL 2 receptor, were added to varying

dilutions of T cell supernatants in the CTLL assay (1 1, 12). Incorpora-
tion of tritiated thymidine was measured over the last 18 h. T cell
supernatants were assayed for IFNy by ELISA, using a MAbto human
IFNy (kind gift of Dr. R. Schreiber, Washington University School of
Medicine) as described (13).

Statistical analyses were performed using t test. Data are presented
as mean±SEMunless otherwise stated.

Results

Normal INT MNCexpress more surface activation antigens
than PBMC. Donor small and large INT MNCand PBMC
were compared for expression of 4F2, 5E9, and anti-TAC. As
seen in Fig. 1, all three activation antigens were expressed on
normal INT MNCimmediately after isolation, before in vitro
tissue culture. MNCfrom normal donor large intestine ex-
pressed more surface activation antigens than did MNCfrom
normal small intestine but this was not statistically significant.
In contrast, PBMCexpressed significantly fewer activation
antigens, compared with INT MNCfrom either small or large
intestine (P < 0.05). PBMCpreparations were treated with
collagenase to examine whether the isolation procedure itself
could induce enhanced expression of activation markers and
there was no enhancement of antigen expression on PBMC
(data not shown).

To identify which cell population(s) were activated two
approaches were taken: intestinal B and T cells were isolated
and stained with MAb(three specimens); and dual fluorescent
markers were also performed on unseparated MNCpopula-
tions (four specimens). Similar results were obtained using
both methods. As seen in Fig. 2, both B and T cells from
normal intestine expressed more 4F2, 5E9, and anti-TAC than
B and T cells from peripheral blood. There were some differ-
ences between the populations with B cells having more 5E9
positive cells (P < 0.05) and T cells having more cells positive
for 4F2 (not statistically significant). Similar expression of
anti-TAC was seen on both cell populations. The large and
small INT MNCshown in Figs. 1 and 2 were derived from
multiple different donor bowel specimens. Although results
consistently showed increased expression of activation anti-
gens, there was significant variation between individuals as
shown by the wide standard errors. Therefore, we compared
activation antigens on MNCfrom small and large bowel of the
same three donors. When INT MNCfrom large and small
bowel of the same normal donors were studied, large INT
MNCexpressed significantly more 4F2, anti-TAC and BA5
than small INT MNC(Table T), as Figs. 1 and 2 suggested. In
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Figure 1. Mean expression of
cell surface activation antigens
on freshly isolated MNCfrom
small intestine (U), large intes-
tine (-), and peripheral blood
(o). Mean±SEMof seven ex-
periments showing the per-
centage of cells staining posi-
tive using MAb4F2, 5E9 and
anti-TAC.
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Figure 3. Expression of cell
surface activation antigens
on MNCfrom small intes-
tine (.), large intestine (o),
and peripheral blood (A).
Percentage of cells staining
positive with 4F2 (left) and
anti TAC(right) were de-
termined after isolation
(time zero) and after 3 and
5 d in culture with PWM.

Figure 2. In vivo expression of cell surface activation antigens on B
and T cells from small intestine (u), large intestine (v), and peripheral
blood (o). Mean±SEMof seven experiments.

each sample, large INT MNCexpressed more activation anti-
gens than small INT MNCexcept in one specimen in which
5E9 was expressed more on small INT MNC. The differences
were significant for 4F2, anti-TAC, and BA5 by t test and
paired t test (the latter data shown in Table I). There was no
difference in the percentages of B and T cells and monocytes as
assessed by MAbstaining. Thus, INT MNCderived from nor-
mal intestinal lamina propria have increased expression of cell
surface activation markers on both T and B cells and this
expression appears to be higher in the large intestine than the
small intestine.

Wenext investigated whether INT MNCwere maximally
activated or could be further induced to express more surface
antigens with time in culture with PWM.Kinetic experiments
with peripheral blood have shown that after activation, the
4F2-defined antigen appears at 24 h and the transferrin recep-
tor and IL 2 receptor are maximal at 72 h (14) and then decline
with time in culture (15, 16) over the next 72 h. Fig. 3 shows
the expression of 4F2 and anti-TAC at time zero and after 3
and 5 d in vitro culture with PWM.Cell viability at days 3 and
5 was > 90%. Both 4F2 and anti-TAC expression on normal
small INT MNCincreased over 3 d in culture and then de-
clined. As noted before, normal large INT MNCappeared
more activated in vivo than small INT MNC. 4F2 expression
increased over 3 d and anti-TAC expression was maximal in
vivo and decreased with time in culture. In contrast, PBMC

contained very few in vivo activated cells at time zero but
4F2 and anti-TAC was induced after in vitro stimulation
with PWM.

Lymphokine secretion. To assess the activity of T lympho-
cytes, we studied the amount of IL 2 and gammainterferon
secreted over a 48-h culture period by INT T cells. Unstimu-
lated cultures produced no detectable IL 2. After PHAstimu-
lation, maximum IL 2 secretion was seen at 4-8 h with a
decrease over the ensuing 24-48 h (Fig. 4). No IL 2 secretion
was detected before 4 h. PHAalone did not stimulate CTLL
cells to proliferate. Antibody to IL 2 receptor inhibited prolif-
eration of 30 U recombinant IL 2. When IL 2 receptor anti-
body was added to varying dilutions of the 4-8-h T cell super-
natants in the three experiments shown in Fig. 4, maximal
[3H]thymidine incorporation decreased to background in two
experiments and decreased by 75% in the third experiment.
Thus some, but not all, of the T cell growth activity secreted by
stimulated INT T cells was due to IL 2.

These same specimens were studied for their ability to se-
crete IFN-y. No IFNy was secreted by unstimulated T cells.
Only one of three intestinal T cell supernatants had significant
levels (> 10 IU/ml) of IFN-y after PHAstimulation in vitro. In
this sample there were 29 IU/ml at 24 h and 62 IU/ml at 36 h.
Thus IFNy is not secreted by unstimulated intestinal T cell
cultures and is variably secreted by PHAstimulated INT T cell
cultures.

Normal human INT MNCspontaneously secrete antibody
in vitro without addition of antigen or mitogen. INT MNC
derived from the large and small bowel of the same normal
donors were cultured for 14 d and supernatants tested for
secreted IgA, IgG, and IgM. As can be seen in Fig. 5, there was
marked secretion of IgA, moderate secretion of IgG and less
secretion of IgM after 14 d in culture. Normal large bowel INT
MNCsecreted more IgA than normal small bowel INT MNC
(P < 0.001). There was no difference in IgG and IgM secretion

Table I. INT MNCActivation Markers

SI MNC LI MNC P value
(% positive) (% positive) (paired t test)

4F2 28.5±7.0 38.6±2.5 <0.025
Anti-TAC 12.6±5.6 23.7±6.0 <0.05
5E9 5.9±2.0 8.5±2.0 NS
BA5 10.3±0.6 18.5±3.0 <0.025

INT MNCfrom small (SI) and large (LI) intestine of the same three
donors. Mean±SD.
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Figure 4. IL 2 secretion
by INT T cells. 2 X 106
INT T cells/ml were
cultured with 2 ug/ml
PHA. Supernatants
were removed at indi-
cated times and tested
for IL 2 production in

36 48 CTLL assay. Mean±SD
of triplicate wells.
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150 - 15 Figure 5. Secretion of
IgA, IgG, and IgM by

CP
* TMNCfrom small intes-

L 100 10 tine (i), large intestine
H * * (i), and peripheral

50 5 blood (o) cultured for
14 d in media alone.
Mean±SEMof 12 ex-

IgA IgG IgM periments.

between large and small bowel. In comparison, unstimulated
PBMCsecreted < 0.5 ng/ml over a 14-d culture period.

Wethen studied the kinetics of immunoglobulin secretion
by INT MNCfrom six intestinal specimens. As shown in Fig. 6
on a logarithmic scale, there was significant early secretion of
IgA during the initial 48-h culture, and this increased further
over the ensuing 10 d. IgA secretion increased significantly
from days 4 to 8, and from days 8 to 14 in culture (P < 0.03
paired t test). IgG secretion increased significantly until day 8
(P < 0.03) and then plateaued. IgM secretion did not signifi-
cantly increase after day 4 in culture (day 4-14: P = 0.057).
Again IgA was the predominant isotype secreted, with less IgG
and small amounts of IgM.

To further define this enhanced spontaneous antibody se-
cretion, the number of ISC were estimated immediately after
isolation by the spot ELISA technique. This assay reflects the
number of B cells that have differentiated into antibody-se-
creting plasma cells. Even without in vitro culture (time zero)
spontaneous ISC of all isotypes were present in normal INT
MNC(Fig. 7). There were more IgA-secreting cells in the large
intestine than the small intestine (P < 0.05), whereas there was
no difference in IgG- or IgM-secreting cells. In contrast, PBMC
contained very few B cells spontaneously secreting Ig at time
zero (Fig. 7). To control for the effects of the isolation proce-
dure on the secretion of Ig by MNC, PBMCwere subjected to
the same conditions as used for INT MNCisolation. This
treatment did not induce ISC by PBMC(data not shown).

The kinetics of in vitro induction of ISC by intestinal MNC
populations were determined over a 6-d culture period (Fig. 8).
ISC were detected at time zero and after 3 and 6 d in culture.
There were significantly more IgA ISC at time zero than ISC of
IgG or IgM isotype (P < 0.02). After 3-6 d in vitro culture,
more IgA-secreting B cells had differentiated into plasma cells
(P < 0.05). In contrast, IgG and IgM ISC decreased with fur-
ther time in culture (IgG ISC P < 0.05; IgM ISC decrease not
significant). Thus there were B cells differentiating over 3 and
6 d into Ig-secreting plasma cells, predominantly of the IgA
isotype. In marked contrast, PBMChad less than 100 ISC per

Figure 6. Kinetics of
IgA (-), IgG (n), and
IgM (v) secretion by
INT MNCover 14 d in
culture. Geometric
mean x SEMof six
normal intestinal speci-
mens cultured in media
alone.

-J
-J
w

0

H Figure 7. ISC per million
freshly isolated MNCfrom
small intestine (m), large in-
testine (n), and peripheral
blood (o). Mean±SDof
nine experiments.

million cells both at time zero and in unstimulated cultures.
ISC were only noted in PBMCcultures which had been stimu-
lated for 6 d with PWM(data not shown).

To look at the influence of other cell types on B cells, we
measured IgA secreted in 14-d culture supernatant from un-
fractionated (UF) and monocyte-depleted INT MNCand
found no difference in the amount of immunoglobulin se-
creted (Table II, section A). Wethen compared unfractionated
INT MNCwith B cell-enriched populations. As shown in
Table II, section B, there was no difference in the number of
IgA-secreting cells between unfractionated and B cell-enriched
populations, when adjusted to show the number of ISC per 106
B cells. In addition, after 6 d in culture, the increase in IgA-se-
creting cells was similar in unfractionated and B cell-enriched
populations. Wealso found no difference in ISC when mixed
lymphocyte culture supernatants were used as a source of T
cell-derived factors to induce ISC by B cell enriched popula-
tions at day 3 and 6 (data not shown). Wethen compared the
effect of T cells on ISC from isolated B cells (Table II, section
B) and found no significant effect of T cells on time zero ISC.
Unfortunately, there were insufficient cells to deplete both
monocytes and T cells in the same experiment. Taken to-
gether, these data show that some INT B cells are sufficiently
activated to secrete Ig at time zero and after 6 d in culture.
Monocytes and T cells are not required for time zero ISC.

Thus, INT B cells are activated in vivo and spontaneously
secrete Ig in vitro. Some preactivated B cells from spleen and
peripheral blood have been shown to express CD5(17, 18). We
therefore separated the B-cell enriched population (56% posi-
tive for B cells) on the basis of Leu 1 by cell sorting to deter-
mine whether the CD5-positive or CD5-negative INT B cells
were responsible for spontaneous Ig secretion at time zero.
55% of the starting B cell enriched population were CD5 posi-
tive, including cells that stained dull and bright by fluores-
cence. Populations of CD5bright positive and CD5negative B

16000

Figure 8. Kinetics of
12000 *I-ISC as measured by

spot ELISA. IgA (a),
eZ 8000 W ........ .. .. IgG (-) and IgM (o) ISC

4000 were measured before
culture (o) and after 3
and 6 d in culture.

0 3 6 Mean±SEMof six ex-
Days periments.
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Secreted IgA (ng/ml)

5,248±1,201
6,977±1,133

IgA secreting cells/106 B cells

Day 0
5,630±550
6,800±260

Day 6
13,560±3,310
16,000±1,420

28,650±3,620
31,400±1,158

A. Amount of IgA secreted by 101 UFINT MNC(6% monocytes)
and 105 monocyte depleted INT MNC(< 1%monocytes) after 10 d
in culture. Mean±SD.
B. Number of ISC in unfractionated INT MNCpopulations (UF)
and B cell-enriched populations (B) at time zero and after 6 d in cul-
ture. Mean±SD.
C. Number of ISC in B cell-enriched (B) populations with and with-
out equal numbers of T cells. Mean±SD.

cells were obtained by sorting as shown in Fig. 9 and ISC were

determined in both populations. The purified B cells con-
tained < 5%T cells by E rosette and leu 4 (Becton Dickinson
&Co.) staining. The CD5bright positive B cells contained four
times the number of IgA-secreting plasma cells than the CD5-
negative B cells. Both CD5bright positive and negative popu-
lations contained 600 IgM- and < 100 IgG-secreting cells per

106 B cells. The CD5dull positive population was not studied.
Therefore, the total contribution from CD5-positive and nega-
tive populations to Ig-secreting cells cannot be calculated.
However, in normal intestine CD5 (Leu 1) may be a marker
for activated B cells, and these preactivated CD5 positive B
cells predominantly secrete IgA.

Discussion

These studies describe the state of activation of intestinal B
cells and show by three different criteria that these cells are

activated: (a) there is an increase in expression of cell surface
activation antigens, (b) the presence of spontaneous ISC and
(c) high spontaneous immunoglobulin secretion by unstimu-

lated cells. The large intestine is more activated than the small
intestine. The intestinal lamina propria mononuclear cells
may be activated because of continued antigenic stimulation
in response to the high levels of bacterial colonization espe-
cially in the large intestine. These studies investigate the mech-
anism of this B cell activation by studying activation of T cells
and have shown that the T cells themselves are activated. They
also show for the first time that CD5-positive cells can be IgA
positive and not just IgM-producing cells.

The level of continued antigenic stimulation will deter-
mine the percentage of the B cell repertoire that is preactivated
and no longer in the resting state. Intestinal MNCmay have
ongoing antigenic stimulation via the intestinal wall. There is
an increase in the expression of surface activation antigens on
both B and T cells from normal intestinal lamina propria.
These same activation antigens have been shown to be induced
on peripheral blood, splenic and tonsillar cells but only after
stimulation in cell culture (14). 4F2 is a 120-kD surface pro-
tein that is maximally induced 24 h after activation (5). 5E9 is
an antibody that recognizes the transferrin receptor, which is
maximally expressed 72 h after stimulation of resting B and T
cells (6). Anti-TAC is an antibody that recognizes the 55-kD
protein of the IL 2 receptor and is present on activated B and T
cells (19). In peripheral blood < 2% of mononuclear cells ex-
press these activation antigens in vivo. Expression can be in-
duced in vitro and then declines with further time in culture
(14-16). In marked contrast, a much higher percentage of INT
MNCwas found to be activated in vivo.

INT MNCsecrete large amounts of Ig, especially IgA,
without stimulation by antigen or mitogen in culture. Large
bowel INT MNCsecrete more antibody than small bowel INT
MNC. After isolation, before time in culture, there are mark-
edly increased numbers of plasma cells in INT MNCcom-
pared with peripheral blood. While monocytes and T cells are
required for T cell-dependent B cell activation, we did not find
them necessary for Ig secretion by in vivo preactivated B cells.
This may be due to prior in vivo T cell and monocyte activa-
tion. The requirements for B cell activation, proliferation, and
differentiation have been well characterized in man, using pe-
ripheral blood and tonsillar MNC(20). Studies using PBMC
from normal individuals immunized to protein antigens have
revealed that the in vitro responses of peripheral blood B cells
depend on the length of time from recall or booster immuniza-
tion (21, 22). 5-7 d after booster immunization, peripheral
blood contains B cells capable of spontaneous antibody secre-
tion without addition of T cell factors or mitogen (23). These
lymphoblastoid cells are B cells that have terminally differen-
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INT MNCare CD5 positive. INT MNCwere
T cell depleted and CD5 bright positive (right)
and negative (left) B cells were sorted by

1000 FACS. Mean±SDof number of IgA secreting
cells per million B cells shown for both popu-
lations in shaded bar to right of each panel.
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Table II. Effect of Monocytes and T Cells on ISC and Ig Secretion

INT MNCpreparation

A
UF
Monocyte depleted

B
UF
B cells

C
B cells
B cells + T cells



tiated into antibody-secreting plasma cells. Two weeks after
immunization another population of B cells appear that can
terminally differentiate in vitro in response to T cell factors.
These in vivo preactivated B cells can be driven to terminal
differentiation with the addition of factors alone, and do not
require further stimulation with antigen or mitogen. Further
characterization revealed that B cell growth factor, B cell dif-
ferentiation factor, and IL 2 were required for optimal differ-
entiation of these in vivo preactivated B cells but other factors
such as alpha IFN can modulate Ig production (22, 24). These
cells are present for only a finite period of time and 6 moafter
immunization, specific B cell responses can only be obtained
by mitogen stimulation in the presence of T cells and mono-
cytes (22).

Intestinal B lymphocytes are already preactivated and se-
crete large amounts of IgA and IgG in vitro without further
addition of antigen or mitogen. INT MNCcontain both acti-
vated B cells and plasma cells. Plasma cells are estimated by
ISC at time zero and preactivated B cells are cells that require
time in culture to differentiate into Ig-secreting plasma cells. In
contrast to the secreted antibody that was predominantly IgA,
all three isotypes (IgG, IgA, and IgM) were represented at time
zero. These in vivo stimulated plasma cells expressed CD5 on
their cell surface. Although a common T cell antigen, this
activation marker has also been found on B cells from periph-
eral blood and spleen that secrete antibody to rheumatoid fac-
tor and ssDNA (17, 18). These autoantibodies from spleen and
peripheral blood were of the IgM isotype. INT CD5-positive B
cells were predominantly IgA in keeping with the predominant
mucosal isotype found. Thus INT B cells are a highly activated
but heterogeneous population containing lymphoblastoid
cells, and preactivated B cells capable of differentiation with
time in culture.

This was in marked contrast to peripheral blood. Normal
PBMChave very few ISC at time zero but they can be induced
in vitro after stimulation with mitogen or antigen. Increased
time zero ISC have been found in PBMCbut only in disease
states from individuals with SLE or AIDS (1, 25). However,
ISC at time zero are found in normal intestinal lamina propria
lymphocytes, more from the large than the small intestine.

Normal INT MNCalso contain activated T cells. There is
increased expression of activation antigens in agreement with
nonhuman primate data (26). Supernatants from PHAstimu-
lated INT T cells have T cell growth factor activity, which is
maximal after 4-8 h of culture. This is in contrast to tonsillar
cells that have detectable IL 2 activity at 8 h but maximal
accumulation at 24 h (27). The CTLL line responds to human
IL 2. Our inhibition studies with antibody to IL 2 receptor
suggest that IL 2 can be secreted by INT T cells but further
studies however would be required to categorize other lym-
phokines secreted by INT MNC.

The normal intestinal lamina propria lymphoid compart-
ment has a distinct state of activation compared with other
lymphoid compartments such as spleen, tonsil, and peripheral
blood. Only the bone marrow appears to show similar sponta-
neous activation as shown by 14-d in vitro culture (3). The
high spontaneous antibody secretion by INT MNCis not re-
flected in the peripheral blood or spleen of the same normal
individuals. Not only are B cells activated, but T cells are also
activated. These B cells are capable of marked secretion of IgA,
and some secretion of IgG and IgM. This heightened state of

activation by intestinal lamina propria lymphoid compart-
ment may be important for its distinct role in mucosal defense.
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