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killed at 7 weeks after colitis induction, and the severity of colitis
was examined using the disease activity parameters BW and his-
tological score. The expression levels of macrophage inflamma-
tory protein (MIP)-2 and IL-1P in intestinal tissues were
determined using real-time polymerase chain reaction (PCR).

Enzyme-linked Immunosorbent Assay
Concentrations of murine IL-10 were measured in cell

culture supernatants using a specific enzyme-linked immunosor-

bent assay kit, according to the manufacturer’s instructions.

Histological Examinations

Tissues taken from the distal part of the colon were
formalin-fixed and embedded in paraffin blocks. For histological
examinations, 3-pm paraffin sections were stained with hematox-
ylin and eosin to visualize their general morphology under a light
microscope. Histological grading was evaluated as previously
described.**

RNA Extraction and Real-time PCR

Total RNA was extracted from each sample using an
RNeasy Protect Mini Kit (Qiagen Inc., Tokyo, Japan), then equal
amounts of RNA were reverse transcribed into complementary
DNA using a QPCR cDNA Kit (Stratagene, La Jolla, CA). All
primers (see Table, Supplemental Digital Content 1, http://links.
Iww.com/IBD/A629, for the primer sequences) used were flanked
by intron—exon junctions using the National Center for Biotech-
nology Information blast tool and Primer3 software. Quantitative
real-time PCR was performed using a StepOnePlus Real-Time
PCR System (Applied Biosystems, Foster City, CA) with SYBR
Green PCR master mix (Applied Biosystems), according to the
manufacturer’s instructions. The levels of messenger RNA were
normalized to that of B-actin using sequence detector software
(Applied Biosystems).

Antigen-induced Arthritis in Rabbits

Arthritis was induced by injection of ovalbumin (OVA;
Sigma—Aldrich, St Louis, MO) into joints of OVA-immunized rab-
bits according to the method of Pettipher et al.** Briefly, Japanese
white rabbits (kb1) weighing approximately 3 kg (Kitayama LABES,
Nagano, Japan) were immunized by intradermal injection of 4 mg
OVA in 1 mL of Freund’s complete adjuvant (Gibco, Paisley, Scot-
land). The animals were reimmunized 14 days later in the same
manner. Five days after the second immunization, arthritis was
induced in a knee joint by intra-articular injection of 5 mg OVA
in 1 mL of sterile saline, whereas the contralateral knee joint was
injected with 1 mL sterile saline to serve as a within animal control.

GMA for Rabbit Arthritis Model

GMA for rabbit arthritis model was established as reported
by Kashiwagi et al.* We used a mini GMA column with a diameter
of 1.5 cm and length of 10 cm, which contained 11 g of cellulose
diacetate carriers (G-1 beads) developed by JIMRO Co. Ltd.
(Takasaki, Japan) for the Adacolumn. The G-1 beads have a diam-
eter of approximately 2 mm. Apheresis was performed at a flow rate
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of 1.5 mL/min for 60 minutes. Small size columns with a volume
equal to the priming volume of the GMA column but without
carriers were used as sham columns (Fig. SA). It has been shown
that immunoglobulin and complement fragments such as C3bi
deposit onto G-1 beads during apheresis, and then granulocytes
and monocytes are selectively adsorbed to the beads by using their
Fc receptor and complement receptor.?’

Detection of Superoxide Generation by
Leukocytes in GMA Column

Superoxide generation in the GMA column was detected
according to the method of Nakano et al.?® Briefly, each rabbit
was continuously infused with 185 uM of a lucigenin derivative
of Cypridinacea (2-methyl-6-[p-methoxyphenyl]-3,7-dihydroimi-
dazo-[1,2-a]pyrazin-3-one [MCLA]) at a flow rate of 10 mL/h
starting 10 minutes before initiation of GMA. The GMA column
was placed inside the chamber of a photon counting unit shielded
from light, and then GMA was performed. The amount of O,
(superoxide anion radical) was measured by directly counting the
photons emitted by MCLA on reaction with O, .

Measurement of Apoptotic Neutrophils from
Rabbit Peripheral Blood

Blood was collected using acid citrate dextrose as an
anticoagulant to minimize neutrophil activation and maintain
stability. Neutrophils were isolated using discontinuous Percoll
gradients (Pharmacia Fine Chemicals, Piscataway, NJ) (65% and
70% in diluted PBS) by slight modification of a method pre-
viously described.” Isolated neutrophils at 1 X 10° cells per mil-
liliter in RPMI 1640 medium supplemented with 10% fetal bovine
serum were incubated at 37°C in a CO, incubator for 18 hours.
Apoptosis of neutrophils was assessed using a previously pub-
lished procedure.®® Briefly, cultured neutrophils at 1 x 106 cells
per milliliter were washed with PBS and fixed for 30 minutes
in ice-cold 70% ethanol. Fixed cells were then washed twice
with cold PBS and resuspended in 500 pL of PBS containing
250 pg/mL RNase and 5 pg/mL of propidium iodide. The
suspension was incubated in the dark at room temperature for
15 minutes before analysis with an FACScan (BD Bioscience).
The proportion of cells within the hypodiploid peak has been
shown to correlate with apoptosis.*

Peritoneal Exudate Cells Isolation and
Apoptosis Induction by Hydrogen Peroxide
Peritoneal exudate cells (PECs), containing 65% to 85%
neutrophils,® were isolated using a previously described method
with minor modifications.>’”* Mice were injected intraperitone-
ally with 1 mL of 2% sodium caseinate (Wako Pure Chemical
Industries, Osaka, Japan) in PBS. Twenty hours later, PECs were
collected by lavage of the peritoneum of each mouse with Hank’s
Balanced Salt Solution in a total volume of 8 mL containing
1 U/mL heparin. The PECs were then incubated at a concentration
of 2 x 10° cells per milliliter in RPMI 1640 medium supple-
mented with 100 U/mL penicillin (Invitrogen), 100 pg/mL
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streptomycin (Invitrogen), and 500 pM H,0, (Sigma-—Aldrich)
for 1 hour at 37°C with 5% CO,. AC death stage was analyzed
using a PE Annexin V apoptosis detection kit I (BD Biosciences
Pharmingen) with a FACSCalibur (BD Biosciences Pharmingen).
After extensive washing, these apoptotic PECs (APECs) were
injected intravenously for in vivo experiments.

Flow Cytometric Analysis of L-selectin
Expression on Neutrophils

Rabbit Model

First, 200 L of an EDTA-blood sample was labeled with
FITC-conjugated anti—L-selectin monoclonal antibody (LAMI1-3;
Beckman Coulter, Hialeah, FL) for 30 minutes at 4°C, and then
incubated blood cells were treated with 2 mL of FACS lysing
solution (Becton Dickinson, San Jose, CA) for 10 minutes at room
temperature. After washing twice with PBS containing 0.1%
NaNj, 500 L of 1% paraformaldehyde in PBS was added and
subjected to flow cytometry. Neutrophils were discerned by
a combination of low-angle forward-scattered and right-angle—
scattered laser light, and more than 5000 events were acquired
in the gate.

Mouse Model

First, 5 x 10° of live or APECs from an AKR mouse were
labeled with PE-conjugated anti-CD62L monoclonal antibody
(Beckman Coulter) for 30 minutes at 4°C. After washing twice
with PBS, 500 pL of PBS was added, and the samples were
subjected to flow cytometry.

Statistical Analysis

All results are expressed as the mean with the SEM or as
a range, as appropriate. Student’s 7 test, Mann—Whitney U test,
and Wilcoxon signed-rank test were used as appropriate to exam-
ine significant differences. P-values less than 0.05 were consid-
ered significant. All statistical analyses were performed using
statistical analysis software (SPSS, version 12.0 for the PC; SPSS
Japan Inc., Tokyo, Japan).

RESULTS

ACs Do Not Ameliorate Chronic Colitis in SCID
Mice in Absence of Mature B Cells

Adoptive transfer of CD4™ T cells isolated from the MLNs of
SAMP1 mice induced remarkable intestinal inflammation in mature
B- and T-cell-negative SCID mice.* To investigate the effects of
ACs on intestinal inflammation, we used an SAMP1 CD4* MLN
T-cell-induced chronic colitis model of SCID mice. Dexametha-
sone (Dex)-induced apoptotic thymocytes (Fig. 1B) or the vehicle
(PBS) was injected intravenously into the chronic colitis model
after transfer of CD4"™ MIN T cells from SAMPl mice
(Fig. 1A), and then changes in several inflammatory parameters
were evaluated. The inflammatory parameters BW loss (Fig. 1C),
colon shortening (Fig. 1D, E), and histological scores for the large

intestine (Fig. 1F, G) showed similar levels of severity in the
chronic colitis mice after transfer of ACs or PBS. In addition, the
expression levels of proinflammatory cytokines, IL-18, and MIP-2
were similar between the AC and PBS groups (Fig. 1H).

ACs Adoptively Cotransferred with CD19* B
Cells Ameliorate Intestinal Inflammation in
Chronic Colitis Mice

‘We next investigated the effects of ACs in the presence of
cotransferred CD19* splenocytes on chronic intestinal inflamma-
tion. ACs or the vehicle (PBS) was injected intravenously into the
chronic colitis model after transfer of CD19™ splenocytes from
AKR mice and CD4™ MLN T cells from SAMP1 mice (Fig. 24),
and then changes in several inflammatory parameters in both
groups were evaluated. The inflammatory parameters BW loss
(Fig. 2B), colon shortening (Fig. 2C, D), and histological scores
for the large intestine in chronic colitis mice were significantly
less severe in the AC group as compared with those in the PBS
group (Fig. 2E, F). In addition, the expression levels of IL-1f3 and
MIP-2 were also significantly lower in the AC group (Fig. 2G).

Cotransfer with CD19hiCD1dhi-depleted B
Cells Tends to Deteriorate
Intestinal Inflammation

We further investigated whether the effects of ACs on
chronic intestinal inflammation are dependent on the subpopulation
of regulatory B cells. Recently, we reported that CD19hiCD1dhi B
cells produce high levels of IL-10 and were considered to be
a Bregs population.”? Consequently, a CD19hiCD1dhi-depleted
B-cell population can be considered to be a Breg-depleted B—cell
population. ACs or the vehicle (PBS) was injected intravenously
into the chronic colitis model after transfer of CD19hiCD1dhi-
depleted B cells from AKR mice and CD4" MLN T cells from
SAMP1 mice (Fig 3A, B), and then changes in several inflamma-
tory parameters in both groups were evaluated. The inflammatory
parameters BW loss (Fig. 3C), colon shortening (Fig. 3D, E), and
histological scores for the large intestine (Fig. 3F, G) in the chronic
colitis mice were slightly more severe in the AC group as compared
with those in PBS group, although the difference was not signifi-
cant. Also, the expression levels of IL-1B and MIP-2 were slightly
higher in the AC group, although again the difference was not
significant (Fig. 3H).

ACs Induce IL-10 Production in Splenic B Cells
To investigate possible interaction between ACs and B
cells, we injected Dex-induced syngeneic apoptotic thymocytes
(Fig. 1B) or the vehicle alone (PBS) into AKR mice. Three weeks
later, CD19* splenocytes from both groups were cultured in the
presence or absence of PMA and ionomycin. IL-10-producing B
cells were found in the AC group at increased frequency as com-
pared with the PBS group under both stimulated and unstimulated
conditions (Fig. 4A). Furthermore, B cells from the AC group
produced a significantly higher level of IL-10 as compared with
those from the PBS group under both conditions (Fig. 4B).
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FIGURE 1. ACs alone did not ameliorate intestinal inflammation in SAMP1 CD4* MLN T-cell-induced chronic colitis mice. A, Protocol for
induction of SAMP1 CD4* MLN T-cell-mediated chronic colitis in SCID mice and AC injection. Purified CD4* T cells (5 x 10° cells per mouse)
derived from MLN cells of SAMP1 mice were injected intraperitoneally on day 1 into 8- to 10-week-old SCID mice. B, Dex-treated thymocytes
were subjected to flow cytometry after staining with annexin V and 7-AAD. C, Effects of ACs on BW changes in SAMP1 CD4* MLN Tceli-
induced chronic colitis. The AC group (squares) was given an intravenous injection of ACs (1 x 107 cells per mouse) on week 1, whereas the
control group received the vehicle alone (triangle). Data are expressed as serial changes in percentage of weight change over a 7-week
period. Error bars indicate SEM values obtained from mice in each group (n = 5). D, Representative images of colons dissected from mice in
each experimental group. E, Effects of ACs on colon length in SAMP1 CD4+ MLN T-cell-induced chronic colitis. Error bars indicate SEM values
obtained from mice in each group (n = 5). F, Representative images of histological changes in large intestines at 7 weeks after SAMP1 CD4*
MLN T-cell injection with or without ACs. G, Mean values of intestinal histological scores in each experimental group. Error bars indicate SEM
values obtained from mice in each group (n = 5). H, Gene expressions of IL-1B and MIP-2 in large intestines in each experimental group.
Error bars indicate SEM values obtained from mice in each group (n = 5).
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FIGURE 2. ACs ameliorated intestinal inflammation in SAMP1 CD4* MLN T-cell-induced chronic colitis mice when cotransferred with CD19+
splenocytes. A, Protocol for cotransfer of CD19* splenocytes and ACs in SAMP1 CD4* MLN T-cell-induced chronic colitic SCID mice. Purified
whole CD19* splenocytes (2 x 10° cells per mouse) derived from AKR mice and SAMP1 CD4* MLN T cells (5 x 105 cells per mouse) were injected
intravenously on day 0 and intraperitoneally on day 1, respectively, into 8- to 10-week-old SCID mice. B, Effects of ACs on BW changes in CD19+
splenocytes injected into SAMP1 CD4+ MLN T-cell-induced chronic colitic mice. The AC group (squares) was given an intravenous injection of
ACs (1 x 107 cells per mouse) on week 1, whereas the control group received the vehicle alone (triangle). Data are expressed as serial changes
in percentage of weight change over a 7-week period. Error bars indicate SEM values obtained from mice in each group (n = 9) (*P < 0.04 and
#P < 0.01 versus PBS). C, Representative images of colons dissected from mice in each experimental group. D, Effects of ACs on colon length in
CD19* splenocytes injected into SAMP1 CD4* MLN T-cell-induced chronic colitic mice. Error bars indicate SEM values obtained from mice in
each group (n = 9) (*P < 0.02 versus PBS). E, Representative images of histological changes in large intestines at 7 weeks after injection of
CD19* splenocytes and SAMP1 CD4* MLN T cells with or without ACs. F, Mean values of intestinal histological scores in each experimental
group. Error bars indicate SEM values obtained from mice in each group (n = 9) (*P < 0.01 versus PBS). G, Gene expressions of IL-15 and MIP-2

in large intestines in each experimental group. Error bars indicate SEM values obtained from mice in each group (n = 9) (*P < 0.001 and #P <
0.02 versus PBS).
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FIGURE 3. AC-mediated ameliorative effects were lost in the absence of the subpopulation of Bregs. A, Protocol for cotransfer of Bregs-depleted
CD19* splenocytes and ACs in SAMP1 CD4* MLN T-cell-induced chronic colitic SCID mice. Flow cytometry-sorted CD19hiCD1dhi-depleted B cells
(2 x 106 cells per mouse) derived from AKR mice and SAMP1 CD4* MLN T cells (5 x 10° cells per mouse) were injected intravenously on day 0 and
intraperitoneally on day 1, respectively, into 8- to 10-week-old SCID mice. B, CD19hiCD1dhi-depleted B cells were sorted by flow cytometry from
CD19* splenocytes derived from 15- to 25-week-old AKR mice. C, Effects of ACs on BW changes after injection of CD19hiCD1dhi-depleted B cells
into SAMP1 CD4* MLN T-cell-induced chronic colitic mice. The AC group (squares) was given an intravenous injection of ACs (1 x 107 cells per
mouse) on week 1, whereas the control group received the vehicle alone (triangle). Data are expressed as serial changes in percentage of weight
change over a 6-week period. Error bars indicate SEM values obtained from mice in each group (n = 4). D, Representative images of colons
dissected from mice in each experimental group. E, Effects of ACs on colon length after injection of CD19hiCD1dhi-depleted B cells into SAMP1
CD4* MLN T-cell-induced chronic colitic mice. Error bars indicate SEM values obtained from mice in each group (n = 4). F, Representative images
of histological changes in large intestines at 6 weeks after injection of CD19hiCD1dhi-depleted B cells and SAMP1 CD4* MLN T cells with or
without ACs. G, Mean values of intestinal histological scores in each experimental group. Error bars indicate SEM values obtained from mice in
each group (n = 4). H, Gene expressions of IL-1B and MIP-2 in large intestines in each experimental group. Error bars indicate SEM values obtained
from mice in each group (n = 4).
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FIGURE 4. ACs induced IL-10 production in splenic B cells only in the
presence of normal phagocytic function. A, Effects of AC injection on the
number of splenic B cells expressing IL-10 in AKR mice. The AC group was
given an intravenous injection of syngeneic ACs (1 x 107 cells per mouse),
whereas the control group received the vehicle (PBS) alone. Three weeks
later, CD19* splenocytes were harvested from both groups and cultured
for 72 hours in the presence or absence of PMA and ionomycin. The
expressions of CD19 and IL-10 were examined by flow cytometry. Rep-
resentative dot plots showing expressions of CD19 and IL-10 in B cells are
presented. B, Effects of AC injection on production of IL-10 by splenic B
cells in AKR mice. The AC group (blocked column) were given an intra-
venous injection of syngeneic ACs (1 x 107 cells per mouse), whereas the
control group received the vehicle (PBS) alone (open column). Three

Phagocytosis of ACs a Prerequisite to Induce
Splenic B Cells

We then examined whether ACs interact directly with
splenic B cells to induce IL-10 production or indirectly exert their
effects after undergoing phagocytosis. For this purpose, we selected
MFG-E8 KO mice, which are characterized by impaired uptake of
ACs,? as the host strain. Syngencic ACs or the vehicle (PBS) was
injected into MFG-E8 KO mice. Three weeks later, CD19* sple-
nocytes from both groups were cultured in the presence or absence
of PMA and ionomycin. Although IL-10 production from B cells
were similar in both the AC and PBS groups under the stimulated
condition, those from the AC group produced significantly lower
levels of IL-10 as compared with B cells from the PBS group under
the unstimulated condition (Fig. 4C).

Apoptosis Induced by Reactive Oxygen
Species in Circulating Neutrophils
During GMA

GMA is used as a therapeutic option for induction therapy
for several immune-mediated disorders including IBD, rheumatoid
arthritis, and psoriasis.**** Adacolumn is an adsorptive type
carrier-based medical device for GMA, and its major components
are cellulose acetate beads, which absorb activated granulocytes
and monocytes from peripheral blood. The main concept behind
the development of the Adacolumn is removal of activated leuko-
cytes for preventing their migration to inflammatory sites. How-
ever, the actions of the column are more than just removing
leucocytes, as a type of immunomodulation has also been sug-
gested by results of several clinical or basic research studies.>*®
Reactive oxygen species (ROS) are generated in the Adacolumn by
contact between the beads and activated leukocytes, which change
the leukocyte cell surface makers to L-selectin'®™ %% Previous
studies have shown that apoptosis develops in leukocytes charac-
terized by those markers.*’ Thus, we speculated that a considerable
number of apoptotic leukocytes induced by ROS in the Adacolumn
re-enter the body and contribute to the efficacy of GMA.

We used a rabbit immune arthritis model for investigating
ROS-induced apoptosis of circulating neutrophils during GMA

weeks later, CD19" splenocytes were harvested from both groups and
cultured for 72 hours in the presence or absence of PMA and ionomycin,
and then supernatants were collected and IL-10 production was mea-
sured by ELISA. Error bars indicate SEM values obtained from mice in each
group (n = 3) (*P < 0.001 and #P < 0.002 versus PBS). C, Effects of AC
injection on production of IL-10 by splenic B cells in MFG-E8 KO mice. The
AC group (blocked column) was given an intravenous injection of syn-
geneic ACs (1 x 107 cells per mouse), whereas the control group received
the vehicle (PBS) alone (open column). Three weeks later, CD19+ sple-
nocytes were harvested from both groups and cultured for 72 hours in
the presence or absence of PMA and ionomycin, and then supernatants
were collected and IL-10 production was measured by ELISA. Error bars
indicate SEM values obtained from mice in each group (n = 3) (*? < 0.02
versus PBS). ELISA, enzyme-linked immunosorbent assay.
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FIGURE 5. Superoxide anion radical produced in the GMA column and shedding of L-selectin and enhancement of apoptosis in neutrophils from
GMA column outflow. A, GMA in rabbits with arthritis using a mini GMA column. B, Each rabbit was continuously infused with 185 wM of MCLA at
a flow rate of 10 mL/h starting at 10 minutes before initiation of GMA (closed circle, n = 4) or as sham (open circle, n = 4) apheresis. The columns
were placed inside the chamber of a photon counting unit shielded from light and apheresis was performed. The amount of the superoxide anion
radical O,~ was measured by directly counting the photons emitted by MCLA on reaction with O, . Error bars indicate SEM values obtained from
mice in each group. C, EDTA-blood samples from column inflow and outflow were labeled with an FITC-conjugated anti-L-selectin monoclonal
antibody (LAM1-3). Closed circle: GMA (n = 11) (*P < 0.0001 versus inflow); open circle: sham (n = 11). Error bars indicate SEM values obtained
from mice in each group. Inflow and outflow were compared using a Wilcoxon signed-rank test. D, A rabbit experimental arthritis model received
GMA treatment. One hour after initiation of GMA, blood was collected from the GMA column inflow and outflow to isolate neutrophils. Cytometric
analyses of Pl-stained neutrophil nuclei were conducted after 18 hours of in vitro culture. Each overlay histogram shown is representative of 3
experiments. The proportion of apoptotic neutrophils was analyzed by gating on a broad hypodiploid peak. E, Geometric mean Pl fluorescence
intensity of the hypodiploid peak from neutrophils in the inflow and outflow from the GMA column were compared using a paired t test (n = 3)
(*P < 0.02 versus inflow). Error bars indicate SEM values obtained from mice in each group. Pl, propidium iodide.
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(Fig. 5A). Photon counts were gradually increased after initiation
of GMA, which was not found in a sham apheresis model (Fig.
5B). Furthermore, generation of O, in the column was con-
firmed by infusion of superoxide dismutase into the column.
Thereafter, photon counts were reduced to the baseline level (data
not shown). Also, a significant decrease in L-selectin expression

2316 | wwwi.bdjournal.org

on neutrophils was observed in the GMA outflow (Fig. 5C),
whereas hypodiploid apoptotic neutrophils were also significantly
increased in the outflow (Fig. 5D, E). These results suggest that
apoptosis is induced by ROS in circulating neutrophils during
GMA and a considerable number of apoptotic neutrophils re-
enter the body.
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H,0,-induced Apoptotic Neutrophils
Ameliorate Mice Colitis

We selected mice colitis model to reveal immunomodula-
tory effect of apoptotic neutrophils generated during GMA
therapy. To mimic apoptotic neutrophils generated during GMA
therapy, we isolated PECs, containing 65% to 85% neutrophils,*'
from AKR mice and induced them to undergo apoptosis by expo-
sure to H,0,;, one kind of ROS. That treatment changed the
neutrophil surface marker to L-selectin'®®, which was similar to
the change found in cells after contact with the Adacolumn beads
(Fig. 6A). In addition, we confirmed apoptosis induction in those
cells by Annexin V staining (Fig. 6B). Next, we replaced the
apoptotic thymocytes with APECs and investigated the anti-
inflammatory effects of intravenous injection of APECs in the
SCID chronic colitis model in the presence of cotransferred
CD19* splenocytes (Fig. 6C). The inflammatory parameters BW
loss (Fig. 6D), histological scores for the large intestine (Fig. 6E,
F), and expression levels of proinflammatory cytokines in the
colitis mice were less severe in the AC group as compared with
the PBS group (Fig. 6G).

DISCUSSION

In this study, injection of ACs ameliorated chronic
intestinal inflammation in mice only in the presence of cotrans-
ferred whole B cells and not in their absence. Furthermore, the
ameliorative effect of ACs was lost when whole B cells were
replaced by IL-10-producing CD19hiCD1dhi-depleted B cells. In
addition, injection of ACs induced IL-10 production in host
splenic B cells only in the presence of normal phagocytic func-
tion. These novel findings show that ACs have potential to acti-
vate the pre-existing Breg population into IL-10 secreting active
mode and/or induce differentiation of immature B cells into
Bregs. In addition, we showed the possibility that AC-mediated
inhibition of colitis may be an anti-inflammatory mechanism of
GMA for IBD.

Potent inducers of AC death such as ultraviolet irradiation
and x-ray exposure ameliorate inflammatory diseases,**
whereas sepsis-induced apoptosis suppresses delayed-type hyper-
sensitivity in mice.** Recently, adoptively transferred ACs were
reported to protect mice from autoimmune diseases, including
collagen-induced arthritis'' and experimental autoimmune
encephalitis.** In addition, transfusion of donor ACs prolonged
heart allograft survival in rats*® and skin allograft survival in
a mice model.*® According to those reports, ACs can exert their
protective effect in a variety of immune-mediated disorders
regardless of whether apoptosis was induced in vivo or ACs
induced with an in vitro method were administered in an adoptive
manner. Although the positive impact of ACs has been demon-
strated in autoimmune inflammation and allograft survival
enhancement, there is no report of the role of ACs in chronic
intestinal inflammation.

In this study, we investigated the effects of ACs in an
adoptive transfer model of mice colitis and found that their

injection had no effects, positive or negative, on the severity of
colitis in SCID mice. Previous studies have revealed that most
CD4" T cells isolated from SAMP1 mice are already activated."’
In addition, Tregs have been reported to be dysfunctional in
SMAP! mice.”® These findings might explain why ACs failed
to reduce colitis severity in the present model.

Our recent findings showed that Bregs expressing IL-10
play an important role in the pathogenesis of ileitis in SAMP1
mice.* Furthermore, cotransferred Breg-depleted B cells exacer-
bated colitis in SCID mice transferred with SAMP1 CD4* T
cells.” The role of Bregs has also been shown in several colitis
models such as TCR-g~deficient and Gai2-deficient mice,>°~2
and they are considered to contribute to immune modulation in
the intestinal tract. Because SCID mice do not have mature B
cells, we speculated that ACs may play an important role to
reduce the severity of chronic colitis cofunctioning with Bregs.
The present results indicated that colitis activity was significantly
lower in mice after cotransfer of whole CD19" B cells and ACs as
compared with that in colitis mice after cotransfer of whole
CD19" B cells and PBS. We recently reported that IL-10-pro-
ducing Bregs were enriched in a population of CD19hiCD1dhi B
cells.”® To further confirm the role of Bregs in the beneficial
effects of ACs, we cotransferred CD19hiCD1dhi-depleted B cells
and ACs to colitis mice. Our results indicated that depletion of
Bregs canceled out the effect of ACs, suggesting that the anti-
inflammatory activities of ACs are dependent on the presence of
Bregs.

Several reports have shown that intravenous injection
delivers ACs to the spleen,'"" whereas it is known that systemic
tolerance to ACs is dependent on splenic function.®® Thus, we
focused on the interaction of injected ACs with splenic B cells
in vivo. Our results demonstrated an increased frequency of IL-
10-producing B cells in AC-injected mice as compared with that
of PBS-injected mice in both the presence and absence of stimu-
lation. Furthermore, splenic CD19" B cells from the AC group
produced significantly higher levels of IL-10 as compared with
those from the PBS group under basal and activated conditions.
The present finding that AC-induced IL-10 production in splenic
B cells in vivo is consistent with other recent findings.''** Gray
et al'' reported that inhibition of IL-10 in vivo reversed the ben-
eficial effect of ACs in collagen-induced arthritis, whereas
collagen-induced arthritis was reported to exacerbate in IL-10-~
deficient mice.*>*® IL-10 is a multifunctional cytokine with an
ability to inhibit activation and effector functions of various
immume cells.”” However, it remains unknown whether the anti-
inflammatory effects of ACs are simply dependent on IL-10 pro-
duction by Bregs. The mechanisms by which regulatory function
can be imparted to B cells by interaction with ACs require further
investigation.

We also investigated whether injected ACs interacted
directly or indirectly with splenic B cells after engulfment by
splenic phagocytes to induce IL-10 production. As the host strain,
we used MFG-E8 KO mice, which are characterized by impaired
uptake of ACs.?® Our results indicated that spienic CD19" B cells
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FIGURE 6. APECs ameliorated intestinal inflammation in SAMP1 CD4* MLN T-cell-induced chronic colitic mice when cotransferred with CD19*
splenocytes. A, Flow cytometric analysis of L-selectin expression on H,0,-treated or untreated PECs from AKR mice. PEC suspensions were treated
with lysing solution to remove red blood cells, PECs (2 x 10° cells per milliliter) were treated with 500 pM H,0, for 1 hour at 37°C, and then stained
with anti-CD62L MoAb for flow cytometric analysis. B, H,O,-treated PECs were subjected to flow cytometry after staining with annexin V and 7-
AAD. C, Protocol for cotransfer of CD19+ splenocytes and APECs in SAMP1 CD4+ MLN T-cell-induced chronic colitic SCID mice. Purified whole
CD19* splenocytes (2 x 106 cells per mouse) derived from AKR mice and SAMP1 CD4* MLN T cells (5 x 10° cells per mouse) were injected
intravenously on day 0 and intraperitoneally on day 1, respectively, into 8- to 10-week-old SCID mice. D, Effects of APECs on BW changes after
injection of CD19* splenocytes into SAMP1 CD4* MLN T-cell-induced chronic colitic mice. The APEC group (squares) was given an intravenous
injection of APECs (1 x 107 cells per mouse) on week 1, whereas the control group received the vehicle alone (triangle). Data are expressed as
serial changes in percentage of weight change over a 7-week period. Error bars indicate SEM values obtained from mice in each group (n = 5). E,
Representative images of histological changes in large intestines at 7 weeks after injection of CD19* splenocytes and SAMP1 CD4* MLN T cells
with or without APECs. F, Mean values of intestinal histological scores in each experimental group. Error bars indicate SEM values obtained from
mice in each group (n = 5) (*P < 0.04 versus PBS). G, Gene expressions of IL-15 and MIP-2 in large intestines in each experimental group. Error bars
indicate SEM values obtained from mice in each group (n = 5) (*P < 0.03 versus PBS).
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from both the AC and PBS groups produced similar levels of
IL-10 in both the presence and absence of stimulation. This novel
finding demonstrated that phagocytosis of ACs is a prerequisite
for induction of IL-10-producing B cells. Ravishankar et al*
reported that AC-mediated allograft tolerance requires CD169™
macrophages located in the splenic marginal zone. Deficiency in
removal of ACs can lead to autoimmune disorders such as sys-
temic lupus erythematosus.**® AC-induced tolerance in allogeneic
heart transplants was reported to be prevented by administrations
of gadolinium chloride, which disrupts phagocyte function, and
annexin V, which blocks the binding of exposed phosphatidylser-
ine to its receptor on phagocytes.”® Thus, without being phago-
cytosed, ACs are unable to induce immune tolerance. We
speculated that phagocytosis of injected ACs plays a decisive role
in influencing generation of IL-10-producing Bregs, which in turn
determines the outcome of adoptively transferred colitis. Recent
studies have revealed that 1L-10 production by B cells in vitro
requires direct contact with ACs.!"™ Additional studies of the
direct interactions between ACs and B cells in vivo are necessary
to clarify this point.

GMA, a type of cytapheresis, is used as induction therapy
for IBD in Japan and European countries.”” ' lIts efficacy is
dependent on removing circulating activated leukocytes with an
Adacolumn device, which prevents their migration to inflamma-
tory sites in the intestine. Postmarketing surveillance in Japan of
697 patients with ulcerative colitis treated at 53 medical institu-
tions over 7 years from 1999 to 2006 was undertaken by the
manufacturer, which showed satisfactory clinical efficacy and
safety.” Although the efficacy of GMA is similar to that of other
leukocytapheresis methods, and the average adsorption rate of
leukocytes to an Adacolumn is relatively low (30%—-40%) as
compared with other methods. Thus, we considered that a consid-
erable number of leukocytes re-enter the body after contact with
the Adacolumn beads, which may be related to the anti-
inflammatory effects of GMA. Experimental results have also
revealed that ROS generated in the Adacolumn change the leu-
kocyte cell surface markers to L-selectin’®¥ and induce those cells
to undergo apoptosis. Inbred strains of mice including AKR are
deficient in components of complement,** whereas deposition of
complement fragments, such as C3bi, as ligand for CR3 onto
Adacolumn beads is one of the requirements for effective removal
of activated leukocytes.”” Thus, we could not use mice apoptotic
leukocytes induced by the Adacolumn beads. In this study, we
examined the effects of injected H,O,-induced apoptotic leuko-
cytes in an SCID colitis model cotransferred with whole B cells
and found that injection of APECs reduced colitis severity, sug-
gesting that apoptotic leukocytes induced by ROS generated in
the Adacolumn may contribute to the efficacy of GMA. To con-
firm the anti-inflammatory mechanisms of GMA associated with
induction and efficacy of ACs, additional experiments are
required.

In this study, we demonstrated that injection of ACs reduced
the severity of mice colitis in the presence of IL-10—producing
CD19%hiCD1dhi B cells. We also speculate that this ameliorative

effect of ACs might be one of the anti-inflammatory mechanisms of
GMA for IBD. However, it remains unknown whether ACs acti-
vate pre-existing Bregs or cause immature B cells to differentiate
into Bregs. Elucidation of the detailed mechanisms of AC-mediated
anti-inflammatory effects may lead to a novel therapeutic strategy
for IBD.
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Relationship between Esophageal Cardiac Glands
and Gastroesophageal Reflux Disease

Kozue Hanada', Kyoichi Adachi', Tomoko Mishiro', Shino Tanaka',
Yoshiko Takahashi', Kazuaki Yoshikawa' and Yoshikazu Kinoshita®

Abstract

Objective The role of esophageal cardiac glands has not been fully determined. This study was performed
to clarify the protective role of esophageal cardiac glands against the development of gastroesophageal reflux
discase (GERD).

Methods The subjects included 2,656 Japanese individuals who visited our institution for a detailed medi-
cal checkup. GERD symptoms were assessed using the Japanese version of the Carlsson-Dent self-
administered questionnaire (QUEST) and an upper gastrointestinal endoscopy examination in each subject.
The presence of reflux esophagitis, size of diaphragmatic hiatus, degree of gastric mucosal atrophy and exis-
tence of visible esophageal cardiac glands in the distal esophagus, based on the detection of yellowish ele-
vated areas, were determined using endoscopy.

Results FEsophageal cardiac glands were observed in 355 cases (13.4%). Reflux esophagitis was signifi-
cantly less frequent in the cases with esophageal cardiac glands than in those without. The esophageal car-
diac glands were mainly located on the left-posterior side of the esophageal wall of the distal esophagus. A
multiple regression analysis showed that the presence of esophageal cardiac glands was an independent factor
for preventing reflux esophagitis. On the other hand, the existence of these glands did not correlate with the
presence of GERD symptoms (QUEST score of 6 or more).

Conclusion The presence of visible esophageal cardiac glands may have a protective role against the devel-
opment of reflux esophagitis.

Key words: esophageal cardiac gland, reflux esophagitis, GERD, QUEST, endoscopy
(Intern Med 54: 91-96, 2015)

(DOL: 10.2169/internalmedicine.54.3179)

in gastric juices. There are two types of secretory glands in

Introduction

Gastroesophageal reflux disease (GERD) is characterized
by the presence of esophageal mucosal injury or reflux
symptoms caused by abnormal reflux of acidic gastric con-
tents into the esophagus (1). The esophageal mucosa is pro-
tected from injury from acid reflux by several mechanisms,
including salivary secretion, esophageal peristalsis and com-
ponents of the eéophageal mucosal protection system, such
as the mucous layer on the surface (2-7). The secretion of
mucous from esophageal glands is important for protecting
the mucosal surface from the pepsin and protease contained

the esophagus: superficial glands located in the proper mu-
cosal layer and deep mucous glands located in the submu-
cosa (8). Superficial mucosal glands are found in limited
numbers in the upper esophagus and near the junction with
the stomach. Those located in the distal esophagus are tortu-
ous and tubular, lined with cuboidal or columnar epithelial
cells, and resemble the cardiac glands of the cardia. Based
on this resemblance, superficial mucosal glands in the distal
esophagus are called esophageal cardiac glands. These
glands are considered to play a protective role against mu-
cosal injury in the lower esophagus caused by reflux of
acidic gastric contents.
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Esophageal cardiac. glands are. visnalized as yellow ele-
vated areas in the distal esophagus on endoscopy (9, 10).
However, the relationship between these glands and GERD
has not been fully determined. We conducted this relatively
large-scale study in erder to clarify the protective role of

esophageal cardiac glands against the development of GERD:

in Japanese subjects.

Materials and Methods

This study was approved by the ethics committee of Shi-
mane University Faculty of Medicine. Written informed con-

sent was obtained from all enrolled subjects, and the study
was performed according to the World Medical Association

Declaration. of Helsinki.

The subjects included individuals who visited the Health:

Centetr of Shimane Environment and Health Public Corpora-

tion for a detailed medical checkup between April 2011 and

March 2012. A majority of the subjects were socially active;

‘productive and sociceconomically middle class individuals..

After obtaining written informed consent for entollment into
the study, a precise medical history was' taken.. Individuals

with a history ‘of gastric-surgery were not included in this

study. Patients who had taken medications such as proton

pump inhibiters, H2 receptor antagonists or prokinetic drugs
within the. preceding three months were excluded. In addi-
tion, those who had received eradication therapy for Helico-
bacter pylori (H. pylori) infection were excluded, as a rela--

tionship between H, pylori infection and the presence of

esophageal cardiac glands has been suggested (9). The body/
mass index (BMI) and current smoking and drinking’
(equivalent to over 50 mL of alcohol per day) habits were

-alsa'noted.
All' subjects underwent an upper gastrointestinal endos-
copy examination. Prior to the examination, the presence. or

absence of reflux symptoms was assessed using the Japaiese
version of the Carlsson-Dent self-administered questionnaire:
(QUEST) (11). We defined sibjects with.a QUEST score-of
6 or more as being positive for reflux symptoms, since a

cut-off score of 6 has been demonstrated to have higher
specificity for the diagnosis of GERD than a score of 4. The
endoscopic findings of reflux esophagitis were evaluated us-
ing the Los Angeles (LA) classification (12), and individuals
‘with a grade of A, B, C-or D were diagnosed as being posi-

tive for reflux esophagitis. The size of the diaphragmatic

hiatus ‘was ‘also assessed during endoscopic observation of
the stomach and categorized. into three groups (<1.0, 1.0-
2.0, 32 om). The degree of gastric mucosal atrophy was
evaluated endoscopically using the classification of Kimura
and Takemoto, according to which gastric mucosal atrophy
was classified ito six groups (Cl, C2, C3, 01, 02,

03) (13). Tt has beeri shown that gastric mucosal atrophy

progresses from stage C1 to O3 in a successive manner, and
this classification has been proven to correlate well with his-

tological features (13). In addition, gastric acid. secretion in

patients with gastric mucosal atrophy has been demonstrated

92

to decrease successively from stage C1 to O3 (14). In this
study, we defined C1-C2 as mild, C3-O1 as moderate and
02-03 as severe gastric mucosal atrophy.

The presence of esophageal cardiac glands: was deter-
mined based on the detection of a visible yellowish elevated
area on the proximal side of the gastroesophageal jurc-
tion (9, 10), and the distribution of these lesions was as-
sessed by dividing the findirigs into four grades (grade 0:
absence of esophageal cardiac glands, grade 1: 1-5 spots in-
dicating ‘esophageal cardiac glands, grade 2: continuous
transversely extending esophégeal cardiac glands involving
less than 50% of the esophageal circumference, grade 3:
continuous transversely -€xtending esophageal cardiac glands
involving at least 50% of the esophageal circumference)
(Fig. 1). None of the present subjects had more than five
spots indicating esophageal cardiac glands separately exist-
ing in the distal esophagus, while those with contihuously
transversely extending glands (grade 2 and 3) occasionally
had -a few uncommected esophageal cardiac glands. Bsopha-
geal cardiac glands are considered to extend from grade 0 to
3 in a successive manner. The citcumferential localization of
the: esophageal cardiac glands was also investigated. If mul-
tiple esophageal cardiac glands were present, their circum-
ferential positions were tecorded. In cases involving trans-
versely extending’ glands, those extending in all directions
were counted. In this study, all upper endoscopic: examina-
tions were performed by expetienced endescopists (K.H, S.T
and K.Y), and the endoscopic photographs were reviewed
by two endoscopists (K.H and K.A.) to determine the exis-
tence and location of the esophageal cardiac glands.

The statistical analyses were performed using the chi-
squared, Kruskal-Wallis and Mann-Whitney U tests. A mul-
tiple logistic regression analysis was conducted to calculate
the odds ratios.. All calculations were carried out using the
Stat View 5.0 software program (Abacus Concepts, Ber-
keley, USA) for Macintosh, and differences of p<0.05 were
consideted to be statistically significant.

Results

We prospectively enrolled 2,656 subjects (mean age:
51.8+9.2 years, men: 1,835) in this study, and esophageal
cardiac glands were endoscopically observed in 355 cases
(13.4%). The number of patients with grade 1, 2, and 3 le-
sions was 258 (9.7%), 47 (1.8%) and 50 (1.9%), respec-
tively. There were no significant differences in regard to age
between the grades. Bsophageal cardiac glands were more
frequently observed in women (17.1% vs. 11.7%). Reflux
esophagitis was significantly less frequent ‘in the cases with
esophageal cardisc glands than in those without, and no
cases of grade 2 or 3 esophageal cardiac glands involved re-
flux esophagitis. The grade of reflux ‘esophagitis did not dif-
fer between the cases with and without esophageal cardiac
glands, whereas GERD symptoms showed a tendency to be
less frequent in the subjeots with esophageal cardiac glands.
In addition, the rate of GERD symptoms tended to be lower
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Figure 1.

Endoscopic findings and schematic figures of esophageal cardiac glands at the distal end

of the esophagus (a: grade 0, b: grade 1, ¢: grade 2, d: grade 3). The red spots and areas of schema

indicate esophageal cardiac glands.

among the reflux esophagitis patients with esophageal car-
diac glands than among those without. Furthermore, the de-
gree of gastric mucosal atrophy was significantly increased
in the cases with esophageal cardiac glands (Table 1).

The multiple regression analysis was performed by in-
cluding several factors known to affect the prevalence of re-
flux esophagitis and GERD symptoms (15-17). A male gen-
der, high BMI, large diaphragmatic hiatus and smoking were
shown to be significant risk factors for the presence of re-
flux esophagitis, while the presence of esophageal cardiac
glands and gastric mucosal atrophy were found to be inde-
pendent factors related to its prevention (Table 2). The mul-
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tiple regression analysis also showed that a high BMI, se-
vere gastric mucosal atrophy, large diaphragmatic hiatus and
smoking were significantly correlated with the occurrence of
GERD symptoms. The odds ratio for the presence of
esophageal cardiac glands in relation to the development of
GERD symptoms was 0.909, which was not statistically sig-
nificant (Table 3).

We also investigated the circumferential localization of
the esophageal cardiac glands in the 355 cases and found
that the lesions were mainly located on the left-posterior
side of the esophageal wall of the distal esophagus (Fig. 2).
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not be explained by the present results. However, the role of
esophageal cardiac glands, particularly with regard to the
occurrence of GERD, has yet to be determined.

In this study, we investigated the relationship between the

presence of endoscopically determined. esophageal cardiac,

glands and the incidence of GERD. Our results demon-

strated that these lesions play a protective role against

‘esophageal mucosal injury in the distal esophagus. However,
they do. not inhibit the development of GERD symptoms.
Previously; Yagi and co-workers investigated the ‘prevalence
of esophageal cardiac glands in patients with erosive esoph-
agitis and-nonerosive reflux disease (NERD) (10) and found
‘that the prevalence of esophageal cardiac glands in patiénts
‘with NERD is significantly higher than that observed in pa-
tients with efosive esophagitis. According to the findings of
that and the present study, we conclude that ‘esophageal car-
diac glands have a protective effect against injury to the
squamous epithelium in the distal esophagus caused by the
reflux of acidic gastric contents. On the other hand, GERD
symptoms were found to occur irrespective of the presence
or absence of these lesions in the current study. Esophageal
mucosal injury caused by acidic gastric reflux. primarily oc-
curs at the distal end of the esophagus. Esophageal cardiac
glands also exist in the distal esophagus, and ‘agents secreted
from these glands may provide protection againist esopha-
geal mucosal injury. However, acidic reflux contents may
stimulate the portion of the esophagéal mucosa not covered
with mucous secreted from esophageal cardiac glands, thus
inducing reflux symptoms. In addition, the acid-neutralizing
function of esophageal cardiac glands may not be strong
enough to prevent the occurrence of GERD symptoms. Fur-
thermore, several other mechanisms may also. influence the
development of GERD symptoms, as such symptoms have
alsd ‘been reported to be caused by non-acidic and gas re-
flux, duodenal juice reflux, esophageal hypersensitivity to
acid, esophageal wall distension, esophageal motility abnor-
malities, sustained esophageal contractions, psychological
conditions and others (18-24).

An interesting observation in this study is that the esopha-
geal cardiac glands were found to be primarily located on
the left-posterior side -of the esophageal wall, which is oppo-
site the main site of mucosal injury i patients with LA-
classification A and B grade reflux esophagitis (25, 26). The

circumferential localization of mucosal mjury in cases of A

and B grade reflux esophagitis was shown to largely fit the
direction of prolonged acid exposure in a study that used a
recently: developed 8-channel device with radially arrayed
pH sensors (27). Therefore, the direction of ésophageal mu-
cosal injury in patients with reflux esophagitis is influenced
by the presence of esophageal cardiac glands, which may
have an acid-neutralizing function. A future study utilizing
circumferential esophageal ‘pH monitoring testing is needed
to clarify the acid-neutralizing function -of esophageal car-
diac glands.

There are several limitations associated with our study.
For example, we used endoscopy only to determine the

presence of esophageal cardiac glands. Previously, Yagi and
coworkers demonstrated that esophageal cardiac glands were
histologically observed in the biopsy specimens of 30 of 38
patients with yellowish elevated areas on the most distal
squamous epithelium (9). Although the presence of yel-
lowish elevated areas in the distal esophagus is considered
to indicate the existence of .esophageal cardiac glands, invis~
ible esophageal cardiac glands may -also be present at the
distal end of the esophagus, where they may play a protec-
tive: role against esophageal mucosal injury. On the other
hand, some yellowish elevated areas may not be esophageal
cardiac. glands. Therefore, detailed histological studies of
surgically resected. esophageal specimens, including com-
parisons with preoperative endoscopic findings, are required
to clarify whether invisible esophageal catdiac glands exist.
Tn addition, we did not investigate the incidence of H. pylori
infection in this study., H. pylori infectiori has repeatedly
been demonstrated to cause gastric mucosal atrophy and
have 4 preventive effect against the development of reflux
esophagitis (28-32). Therefore, there is a possibility that
both hypertrophic changes in esophageal ‘cardiac glarids and
reductions in reflux esophagitis are induced by H. pylori in-
fection. A long-term endoscopy study is thus needed to clar-
ify the conditions under which visible esophageal cardiac
glands are formed and. develop and to examine the relation-
ship between the expansion of these lesions and the ability
to cure esophageal mucosal injury at the distal end of the
esophagus.

Tn conclusion, our findings demonstrate that esophageal
cardiac glands may have a-protective role against esophageal
mucosal injury caused by acidic gastric contents.

The authiors state that they have no Conflict of Interest (COL).
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Table 1. Characteristics of Study Subjects
Esophageal cardiac glands p value
Girade 0 Grade 1 Grade2  Grade 3
Number of cases 2301 258 47 50
Age (mean & SD) 51.7£9.3 52.04£9.3 530494 534279 0.519
Male/female 1620/681 152/106 31/16 32/18 0.002
Reflux esophagitis (+) 263 (11.4) 9(3.5) 0{0) 00 <0.001
LA grade-A/B/C  139/80/4 47510 0.467
GERD symptoms (+) 787 (34.2) 81(31.4) 14(29.8) 12(24.0) 0348
incases with RE 137 (52.1) 2(22.2 0.078
iastric mucosal atrophy <0001
mild 1620(70.4) 144 (55.8)  8(17.0)  6(12.0)
moderate 548 (23.8) 79 (30.6)  20(42.6) 21 (42.0)
severe 133 (5.8) 35 (13.6) 19 (40.4) 23 (46.0)

Values in parentheses show percentage of cases in each group.

Extension of esophageal cardiac glands was assessed by dividing into 4 grades (grade O:
absence of esophageal cardiac gland, grade 1: 1-5 spots of esophageal cardiac glands,
grade 2: continuous transverse extent of esophageal cardiac glands but which involves
less than 50% of esophageal circumference, grade 3: continuous transverse extent of
esophageal cardiac glands but which involves at least 50% of esophageal

circumference).

Reflux esophagitis (RE) (+): grade A-D in Los Angeles (LA) classification.

GERD symptoms (+): QUEST score =6.

Gastric mucosal atrophy was evaluated using the classification of Kimura and Takemoto
(C1-C2: mild, C3-01: moderate, 02-03: severe gastric mucosal atrophy).
p value indicates the difference between the groups.

Table 2. Maultiple Logistic Regression Analysis for Presence
of Reflux Esophagitis

Table 3. Multiple Logistic Regression Analysis for Pres-
ence of GERD Symptoms

Factors Odds ratio 95%C1 p value Factors Odds ratio 95%CI p value
Gender (male) 2.550 1.632-3.984  <0.001 Gender (male) 0.918 0.747-1.128  0.417
Age (1-year increments) 1.006 0.990-1.002 0.454 Age (1-year increments) 0.996 0.987-1.005  0.399
BMI 1.130 1.084-1.178  <0.001 BMI 1.044 1.016-1.073  0.021
Presence of esophageal cardiac 0.324 0.162-0.646 0.001 Presence of esophageal cardiac 0.909 0.706-1.170  0.459
glands glands
Gastric mucosal atrophy® Gastric mucosal atrophy*
moderate 0.419 0.287-0.612  <0.001 moderate 1.199 0.988-1.455  0.067
severe 0.243 0.109-0.542  <0.001 severe 0.655 0.459-0935  0.020
Size of diaphragmatic hiatus** Size of diaphragmatic hiatus**
1-2 em 1.758 1.320-2.341 <0.001 12 cm 1.256 1.057-1.493  0.010
>2 cm 5.847 3.723-9.185  <0.001 >2 cm 1.990 1.345-2.944  <0.001
Habitual drinking 1.082 0.817-1.433 0.583 Habitual drinking 0.995 0.831-1.190  0.952
Smoking habit 1.627 1.217-2.175 0.001 Smoking habit 1.317 1.077-1.611  0.007

*(Qdds ratio calculated in comparison to subjects with mild atrophy.
#+()dds ratio calculated in comparison to subjects with diaphragmatic hiatus
sized 0-1 cm.

Agqterior side

(%6350

oot

Left side v

Posterior side

Figure 2. Circumferential localization of the esophageal car-
diac glands in the 355 cases. The values represent the percent-
age of lesions on each side of the esophageal wall.

94

*Qdds ratio calculated in comparison to subjects with mild atrophy.
**()dds ratio calculated in comparison to subjects with diaphragmatic
hiatus sized 0-1 cm.

Discussion

Esophageal cardiac glands are found in the proper mu-
cosal layer of the distal end of the esophagus, although their
origin has not been determined (8). These lesions have been
reported to be more frequently observed endoscopically in
patients with H. pylori infection than in those without, and
it has been suggested that H. pylori infection-induced cardi-
tis stimulates hypertrophic changes in esophageal cardiac
glands (9). The present results also showed that individuals
possessing visible esophageal cardiac glands have more se-
vere gastric mucosal atrophy, which is primarily caused by
long-term H. pylori infection in Japanese individuals. There-
fore, H. pylori infection is considered to correlate with the
presence of endoscopically visible esophageal catrdiac
glands, although the mechanisms underlying the hyper-
trophic changes observed in esophageal cardiac glands can-
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Abstract

Background The prevalence of gastroesophageal reflux
disease (GERD) has been increasing worldwide over recent
decades. A previous study demonstrated that gastric acid
secretion, thought to be an important factor in the increase
in the rate of GERD, in Japanese individuals increased in
the era from the 1970s to the 1990s. The aim of this study
was to evaluate whether gastric acid secretion has altered
over the past two decades with and without the influence of
Helicobacter pylori infection in nonelderly and elderly
Japanese.

Methods Gastric acid secretion, the concentrations of
serum gastrin, pepsinogen I, and pepsinogen II, and H.
pylori infection were determined in 78 healthy Japanese
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subjects. The findings were compared with data obtained in
the 1990s.

Results Basal acid output (BAO) and maximal acid out-
put (MAO) gradually decreased with age in H. pylori-
negative subjects. In addition, those with H. pylori infec-
tion tended to show decreased gastric acid secretion as
compared with those without infection, particularly in the
elderly group. MAO decreased gradually with age in
males, whereas it remained unchanged with age in females.
MAO in H. pylori-negative subjects has not changed over
the past two decades (17.7 mEq/h vs 17.6 mEq/h in
nonelderly subjects, and 15.2 mEqg/h vs 12.7 mEq/h in
elderly subjects).

Conclusions In contrast to the increased prevalence of
GERD, gastric acid secretion has not increased over the
past two decades in Japanese. However, secretion has
decreased with age in males but not in females, which may
partly explain the sex difference in the age-related GERD
prevalence.

Keywords Basal acid output - Maximal acid output -
Gastrin - Helicobacter pylori

Abbreviations

BAO  Basal acid output

BMI Body mass index

GERD  Gastroesophageal reflux disease
MAO  Maximal acid output
Introduction

The prevalence of gastroesophageal reflux disease (GERD)
varies throughout the world [1], as epidemiology studies
have reported a prevalence ranging from 10 to 20 % in
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Western countries and lower rates in Asia [2, 3]. The
reasons remain obscure, although genetic differences, dif-
ferences in Helicobacter pylori prevalence, and lifestyle
factors such as obesity may have an influence [4-6]. In
recent decades, GERD has become more prevalent in Asia,
including Japan [7-9], which is thought to be due to several
factors, including the Westernization of eating habits, a
decrease in the H. pylori infection rate, increased gastric
acid secretion, an increase in the number of aged individ-
uals, and more attention being paid to the disease [10-12].

Gastric acid secretion is affected by various factors,
including race, sex, and age [13]. Studies conducted in the
1990s showed that gastric acid secretion in Japanese sub-
jects increased from the 1970s to the 1990s, although it
remained lower than that in Europeans and North Ameri-
cans [14-16]. However, along with changes in the social
environment to a more Western one over the past two
decades in Japan, it has not been elucidated whether that
increasing trend has continued from the 1990s to the
present. The increasing prevalence of GERD in Japan has
led to speculation that the rate may rise continuously. In
this study, we sought to determine the effects of age and
sex on gastric acid secretion in healthy asymptomatic
Japanese subjects, and also evaluated whether gastric acid
secretion has changed over the past two decades with and
without the influence of H. pylori infection in nonelderly
and elderly Japanese.

Methods
Participants

Healthy adult Japanese volunteers residing in the Kansai
area who consented to participate in the study were
screened precisely using the specific medical record to
evaluate the present illness, past and medication history,
and the blood test. Then, enrolled subjects were divided
into those aged between 20 and 25 years (young group),
around 50 years (nonelderly), and around 75 years
(elderly). Exclusion criteria were a history of gastrointes-
tinal diseases, including GERD, peptic ulcer, functional
dyspepsia, gastric surgery, malignancy, treatment for H.
pylori eradication, or renal failure. Individuals who had
gastrointestinal symptoms and those taking medications
known to affect gastric acid secretion were also excluded.
H. pylori infection was diagnosed by positive results of
both the urea breath test (UBIT tablets/UBiT-IR300, Ot-
suka Pharmaceutical, Tokyo, Japan/Otsuka Electronics,
Osaka, Japan) and the serum antibody test (E-plate EIKEN
H. pylori 1gG antibody 11, Eiken Chemical, Tokyo, Japan).
Eligible volunteers were assigned to one of the following
five groups: elderly with H. pylori infection, elderly

@ Springer

without H. pylori infection, nonelderly with H. pylori
infection, nonelderly without H. pylori infection, and
young without H. pylori infection (Fig. 1). The study
protocol was designed to include nearly equal numbers of
males and females within each group of 15, for a total of 75
subjects. The sample size of the subjects in each group was
estimated to adjust the findings of the previous study [16],
because a major aim of the study was to compare current
with previous data obtained in the 1990s. This study was
conducted at a single center between October 2012 and
October 2013. Prior approval was received from the
Institutional Review Board of Osaka Pharmacology Clini-
cal Research Hospital, and the study was conducted in
accordance with the Declaration of Helsinki. All subjects
provided written informed consent prior to participation.
This study is registered with the University Hospital
Medical Information Network (UMIN) clinical trials reg-
istry (UMINO00008906). All authors had access to the
clinical data and approved the final version of the
manuscript.

Measurement of gastric acid secretion

Gastric acid secretion was measured in the same manner
as in our previous study reported in 1997 [16]. Mea-
surements started at around 8:00 A.M. after a 12-h fast.
A large (4.0-mm) nasogastric tube with multiple open-
ings (Salem Sump dual-lumen stomach tube, Covidien)
was inserted into the stomach, and gastric juice was
aspirated. In some cases, an X-ray examination was used
to determine whether the tube was correctly positioned
in the stomach. After residual gastric contents had been
removed by aspiration, basal acid output (BAO) was

n=154 screened
n=83 enrolled

{ 1 bloody gastric juice

4 insufficient sampling
n=78 analyzed

10 ineligible
61 cancelled

n=45 H. pylori negative ] l n=33 H. pylori positiveJ

Young Nonelderly Elderly Nonelderly Elderly
n=15 n=16 n=14 n=17 n=16

Fig. 1 Flow diagram of enrolled subjects. Screening assessments of
154 healthy adult Japanese volunteers aged between 20 and 25 years
(young group), around 50 years (nonelderly), and around 75 years
(elderly) were conducted. Eligible volunteers (n = 78) were assigned
to the following groups: elderly with Helicobacter pylori infection
(n = 16), elderly without H. pylori infection (n = 14), nonelderly
with H. pylori infection (n = 17), or nonelderly without H. pylori
infection (n = 16), and young without H. pylori infection (n = 15)
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measured by titrating the acidity of the gastric juice
collected for 1 h as a sum of six 10-min outputs. Max-
imal acid output (MAO) was then measured by admin-
istrating  pentagastrin  (Alliance  Pharmaceuticals,
Chippenham, UK/AnazaoHealth, Tampa, FL, USA)
intramuscularly at 6 pg per kilogram of body weight and
collecting the gastric juice for an additional hour as the
sum of six 10-min outputs after pentagastrin injection.
Gastric juice was collected with the subject in a supine
or left lateral recumbent position to allow for complete
aspiration. Samples were titrated to pH 7.0 with NaOH,
and all results are expressed as milliequivalents (mEq)
of acid per hour.

Assays of serum gastrin, pepsinogen I,
and pepsinogen 11

Serum gastrin, pepsinogen I, and pepsinogen II were
measured using blood samples obtained early in the
morning on the same day as the BAO/MAO measure-
ments. Serum was separated and stored at —80 °C until
the assays. The serum gastrin concentration was measured
by radioimmunoassay (Gastrin Riakit II, TFB, Tokyo,
Japan), whereas the concentrations of pepsinogen I and
pepsinogen II were measured by a latex agglutination test
(Lasay Autopepsinogen I/II, SHIMA Laboratories,
Tokyo, Japan).

Statistical analysis

The values for BAO, MAO, serum gastrin, serum pepsinogen
I, pepsinogen II, and the ratio of pepsinogen I to pepsino-
gen II were compared among the three groups without H.
pylori infection, between the two groups with H. pylori
infection, and between H. pylori-positive and H. pylori-
negative subjects divided by age. Comparisons between
groups were performed using the Mann—-Whitney U test.
Changes in MAO and serum gastrin concentration from
those determined in the 1970s and 1990s [16], the primary
end point of this study, were analyzed with the Kruskal—
Wallis test. Post hoc analysis using the Mann—~Whitney U test
with Bonferroni correction was performed when the Krus-
kal-Wallis test result was determined to show a significant
difference. Sex differences in relation to age, body weight,
body height, and body mass index (BMI) with regardto BAO
and MAO were analyzed by single regression analysis.
Regression coefficients of age, body weight, body height,
and BMI were compared between the sexes using Student’s
¢ test. All statistical tests were performed in a two-sided
manner and a p value of less than 0.05 (less than 0.025 under
Bonferroni correction) was considered to indicate signifi-
cance. All statistical analyses were performed using JMP 9.0
(SAS Institute, Cary, NC, USA).

Results
Characteristics of subjects

A flow diagram of the enrolled subjects is shown in Fig. 1.
Of 83 enrolled subjects, five were excluded from the ana-
lysis because of bloody gastric juice (n = 1), or insufficient
sampling (n = 4). The characteristics of the H. pylori-
positive and H. pylori-negative subjects after they have
been divided by age (young, nonelderly, elderly) are shown
in Table 1. The mean age of the young H. pylori-negative
group was 22.9 £ 1.9 years (mean -t standard deviation)
years. The age and sex distribution was not different among
the groups with or without H. pylori infection. The groups
did not differ in regard to mean height, mean body weight,
and mean BMIL

Changes in gastric acid secretion by age and H. pylori
infection

First, we evaluated gastric acid secretion in each group by
age (Table 1, Fig. 2). In the H. pylori-negative groups,
BAO gradually decreased with age, and that decrease was
significantly different between the young and nonelderly
groups, and the young and elderly groups (p < 0.01 and
p < 0.01, respectively; Fig. 2a). Among nonelderly sub-
jects, BAO was lower in the H. pylori-positive group than
in the H. pylori-negative group, although it was not sig-
nificant. In contrast, BAO was significantly lower in the
elderly subjects who were H. pylori positive (p < 0.01).

MAO was associated with age and H. pylori infection in
the same manner as BAO (Fig. 2b). In H. pylori-negative
subjects, MAO was significantly lower in the elderly group
than the nonelderly group (p < 0.05). In elderly subjects,
MAO was significantly lower in the H. pylori-positive
subjects than in the H. pylori-negative subjects (p < 0.05).

Gastrin is the main stimulant of gastric acid secretion.
Serum gastrin concentration was significantly higher in the
elderly subjects as compared with nonelderly subjects who
were H. pylori negative (p < 0.05), suggesting that it was
stimulated by lower gastric acid secretion as a feedback
stimulation (Fig. 2c). Both elderly and nonelderly
H. pylori-positive subjects had higher serum gastrin con-
centrations than their respective H. pylori-negative coun-
terparts (p < 0.05 and p < 0.01, respectively), which was
consistent with evidence that H. pylori infection causes
gastric atrophy and thereby induces hypergastrinemia [17,
18].

A significant correlation between serum pepsinogen
values and gastric acid secretion has been reported in many
previous reports [19]. In the nonelderly group, the pep-
sinogen I to pepsinogen II ratio was consistently lower for
all ages of H. pylori-positive subjects as compared with
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