
INTRODUCTION

When pathological insults destroy limbal epithelial stem cells, 
the corneal surface invariably heals with conjunctival epithe-
lial ingrowth (conjunctivalization), neovascularization, chronic
inflammation, and recurrent or persistent corneal epithelial de-
fects [1–5]. These pathological conditions constitute the newly
established disease called limbal (stem cell) deficiency. This 
can result from several causes, including total destruction of 
the limbal stem cell population by chemical or thermal injury,
Stevens–Johnson syndrome, multiple surgical or cryotherapy 

procedures at the limbal region, contact lens wear and severe
microbial infection [6,7]. Most cases of limbal deficiency require
the use of limbal auto-grafts or allografts for corneal sur-
face reconstruction [8–11]. Therefore, allograft rejection of 
transplanted limbal tissues is conventionally combated by admini-
stering oral steroid and cyclosporin [9,10]. One newly emerging
approach in the treatment of limbal deficiency is the use of amni-
otic membrane transplantation (AMT), first introduced by Kim
and Tseng [12]. Amniotic membrane (AM), a thin semitranspar-
ent tissue forming the innermost layer of the fetal membrane [13],
has a thick continuous basement membrane with a full comple-
ment of collagen types IV and V and laminin, the main basement
membrane components [14]. AM has been used clinically to
promote epithelialization in burns and skin ulcers, or as dressing
in wounds or skin grafts [15–17]. It also has been proven suitable
for epithelial cell culturing [18,19].
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SUMMARY

The combination of allograft limbal transplantation (ALT) and amniotic membrane transplantation
(AMT) has been applied in the treatment of severe ocular surface diseases. The beneficial effect of this
combination has been thought to result from possible immunosuppressive ability of amniotic mem-
brane (AM). However, the mechanisms of any such ability remain unknown. In this study, we investi-
gated whether human AM has the ability to suppress allo-reactive T cell responses in vitro. For mixed
lymphocyte reaction (MLR), lymphocytes isolated from lymph nodes of C57BL/6 mice (Mls1b, Vb6+)
were cultured with irradiated splenocytes from DBA/2 mice (Mls1a, Vb6-) with or without human AM.
For carboxyfluorescein diacetate succinimidyl ester (CFSE) experiments, responder lymph node cells
were labelled with a stable intracellular fluorescent dye and cultured with irradiated stimulator cells.
The ratio of responder Vb6+ T cells was then determined by FACS analysis, and the division profiles of
responder Vb6+ T cells were analysed by CFSE content. Furthermore, Th1 and Th2 cytokine synthesis
by allo-reactive T cells in MLR culture supernatants was determined by enzyme-linked immunosor-
bent assay (ELISA). Addition of AM to the MLR culture resulted in the significant inhibition of thymi-
dine incorporation compared with control culture lacking AM. The population of responder CD4+Vb6+

T cells was significantly reduced in the AM-treated culture in comparison to control. CFSE analysis
revealed less division and lower proliferation of responder CD4+Vb6+ T cells in cultures with AM than
without. In addition, allo-rective T cell synthesis of both Th1 (IL-2 and IFNg) and Th2 (IL-6 and IL-
10) type cytokine was significantly decreased in the presence of AM. These results indicate that human
AM has the ability to suppress allo-reactive T cells in vitro. This inhibitory effect likely contributes to
the success of the ALT-AMT combination.
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Previously, treatments such as simple penetrating kerato-
plasty or allograft limbal transplantation could not produce satis-
factory results in Stevens–Johnson syndrome, pseudopemphigoid
and chemical burns. However several groups have recently re-
ported that the combination of allograft limbal transplantation
(ALT) and AMT was useful for reconstructing the ocular surface
in these diseases [20–22]. Accompanying conditions, including
severe dry eye, lack of corneal stem cells, trichiasis, and persistent
ocular surface inflammation, exacerbate these diseases’ refrac-
toriness to the treatment. However, it has been hypothesized that
AMT effectively facilitates epithelialization and reduces inflam-
mation and scarring, desirable effects for promoting the success
of ALT. Transplanted AM also seems to promote normal con-
junctival epithelialization, in addition to preventing excessive 
subconjunctival fibrosis formation. Type IV collagen has been 
recognized histochemically in conjunctival, but not in corneal
epithelial, basement membrane [12]. The collagen in AM there-
fore probably serves as a suitable substrate for conjunctival
epithelialization. In fact, AMT has been regarded as substrate
transplantation.

The beneficial effect of the ALT-AMT combination is also
thought to result from possible immunosuppressive effect of AM,
since placental tissues, including AM, have been shown to sup-
press the semiallo immune response against the fetus [23,24].
However, the immunological effects of AMT are not yet fully
understood. In this study, we investigated whether human AM has
the ability to suppress T cell proliferation in vitro. Our findings
demonstrated that human AM inhibited allo-reactive T cell re-
sponses, including proliferation, cell division and Th1 and Th2
cytokine synthesis. Further, novel results obtained by the study
suggest the interesting possibility that soluble inhibitory factor
secreted by human AM has the ability to suppress allo-reactive T
cells in vitro. It is likely that the immunosuppressive function 
of human AM contributes to the success of the ALT-AMT 
combination.

METHODS

Mice
C57BL/6 (H-2b, Mls1b, Vb6TCR+) and DBA/2 (H-2d, Mls1a,
Vb6TCR-) mice (Shimizu Laboratory Supplies, Kyoto, Japan)
6–12 weeks of age were used for the experiments. These strains
differ at the major histocompatibility complex and at numerous
minor histocompatibility loci. All animals were housed in the
experimental animal facility at Kyoto Prefectural University of
Medicine, and received sterilized food and autoclaved tap water.
All experimental procedures conformed to the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research.

Human amniotic membrane preparation
Human AM was obtained as described previously [25–27]. Briefly,
human AM was obtained at the time of cesarean section, with
proper informed consent. Under sterile conditions, the AM was
washed 3 times in 200 ml phosphate-buffered saline (PBS) con-
taining antibiotics (5 ml of 0·3% ofloxacin), washed once in 50%
glycerol/DMEM and stored at -80°C in 50% glycerol/DMEM.
AM for explant was then thawed, excised at 10 mm ¥ 10 mm and
examined in vitro for immunosuppressive properties. For some
experiments, human AM was pretreated with 100% ethanol. This
prefixed human AM was extensively washed with PBS prior to
use for in vitro experiment.

Cell preparations
Mice were sacrified by cervical dislocation. Lymph node and
spleen were then aseptically removed. Lymph node cells and
splenic cells, obtained by dissociation using Nylon cell strainer
(Becton Dickinson Labware, Franklin Lakes, NJ, USA), were sus-
pended in RPMI 1640 medium (Invitrogen, Grand Island, NY,
USA) [28]. Culture medium comprised 10 mM HEPES, 0·1 mM

nonessential amino acids, 1 mM sodium pyruvate, 100 U/ml peni-
cillin, 100 mg/ml streptomycin, and 1 ¥ 10-5M 2-mercaptoethanol,
0·1% bovine serum albumin (Sigma, St. Louis, MO, USA), and
ITS+ culture supplement (Becton Dickinson Labware).

Culture condition
Human AM on transwell (Corning Incorporatedm New York,
NY, USA) was added to the MLR culture of C57BL/6 (Mls1b,
Vb6TCR+) responder and DBA/2 (Mls1a, Vb6TCR-) stimulator.
Lymph node cells (2 ¥ 106) from C57BL/6 mice (as responders)
were mixed with gamma-irradiated (20Gly) spleen cells (2 ¥ 106)
from histoincompatible DBA/2 mice (as stimulators); the mixture
was then added directly to 24 culture wells containing transwell
with AM. The positive control was MLR of C57BL/6 responder
and DBA/2 stimulator without AM. The negative control culture
consisted of C57BL/6 responder and C57BL/6 stimulator cells
only.

Proliferation assay
Cultures were incubated for 96 h, including a final 8 h pulsed with
tritiated thymidine (3·3 mCi/well). Cells were then divided into 96-
well microplates, 200 ml/well, resulting in 1 mCi tritiated thymidine
per well, and harvested by the Micro-Mate 196 Cell Harvester
(Perkin Elmer Life Science Inc., Boston, MA, USA). Thymidine
incorporation was measured by beta-counter (Matrix 9600,
Perkin Elmer Life Science Inc.).

CFSE labelling and flow cytometry
The intracellular fluorescent dye carboxyfluorescein diacetate
succinimidyl ester (CFSE, Molecular Probes Europe BV, Leiden,
the Netherlands) was used to determine cell division in respon-
der cells, as described previously [29,30]. The intracellular fluo-
rescent dye CFSE was used to label cells before in vitro culture.
The responder lymph node cells were resuspended in PBS with
0·1% BSA, CFSE was then added to make a final concentration
of 5 mM. The suspension was vortexed immediately following
CFSE addition, then incubated for 10 min in a 37°C water bath.
The labelled cells were washed twice with PBS with 0·1% BSA
and resuspended in culture medium. Human AM on transwell
was then added to MLR of CFSE-labelled C57BL/6 responder
and DBA/2 stimulator. After 4-day culture, cells were double-
stained with PE-conjugated anti-Vb6 mAb and APC-conjugated
anti-CD4 mAb (BD PharMingen, San Diego, CA, USA). In addi-
tion, the division profiles of responder Vb6+ T cells were analysed
based on the CFSE content. Stained cells were analysed on a
FACS Calibur (Becton Dickinson, San Jose, California), data
were analysed using Cellquest software (Becton Dickinson).

Determination of Th1 and Th2 cytokine levels in 
MLR culture supernatants
Th1 and Th2 murine cytokine levels in MLR culture supernatants
were determined by cytokine-specific ELISA, as described previ-
ously [31,32]. Briefly, Nunc MaxiSorp immuneoplates (Nagel
Nunc International, Rochester, NY, USA) were coated with 
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monoclonal anti-IFNg (BD PharMingen) and left at 4°C
overnight. After blocking, samples and serial 2-fold dilutions of
standards were added to duplicate wells and incubated overnight
at 4°C. The wells were washed and incubated with biotinylated
monoclonal anti-IFNg. After incubation, peroxidase-labelled
antibiotin Ab (Vector Laboratories, Burlingame, CA) was added
and developed with TMB (Moss, Pasadena, MD). Other cytokine
levels [IL-2, IL-4, IL-6 and IL-10 (BD PharMingen)] were deter-
mined by the same methods as IFNg Standard curves were gen-
erated using mouse recombinant IFNg (rIFNg), rIL-2, rIL-4, rIL-6
and rIL-10 (Endogen, Woburn, MA). IFNg was measured at a
sensitivity of 150 pg/ml, IL-2 at a sensitivity of 300 pg/ml, IL-4 
at a sensitivity of 150 pg/ml, IL-6 at a sensitivity of 400 pg/ml and
IL-10 at a sensitivity of 800 pg/ml.

To assess human-specific cytokines, ELISA kits specific for 
IL-4, TGF-b (Amersham Biosciences KK, Tokyo, Japan) and 
IL-10 (BioSource International, California) were used. Human
IL-4 was measured at a sensitivity of 10 pg/ml, human IL-10 at 
a sensitivity of 30 pg/ml and human TGF-b at a sensitivity of 
125 pg/ml.

Data analysis
Data were expressed as mean ± SE, and were evaluated by
student’s t-test using the Excel program.

RESULTS

Human AM inhibits allo-reactive T cell responses in 
murine MLR
We initially investigated whether human AM suppressed MLR.
Human AM on transwell was added to MLR cultures of C57BL/6
responder and histoincompatible DBA/2 stimulator. The positive
control was the MLR culture of C57BL/6 responder and DBA/2
stimulator, without AM. The negative control culture consisted of
responder and stimulator cells from C57BL6 mice. As expected,
the positive control resulted in a high level of thymidine in-
corporation (2401 ± 272 cpm, Fig. 1). However, it was interesting
to note that human AM in transwell significantly inhibited 
MLR (691 ± 189 cpm). This finding suggested the interesting 
possibility that human AM in transwell may produce an inhibitory
factor that suppresses allo-reactive T cells in MLR. To examine
this possibility we used AM fixed with 100% ethanol. Fixed
human AM on transwell was added to MLR of C57BL/6 respon-
der and DBA/2 stimulator, and compared with MLR containing
untreated AM. Interestingly, MLR cultured with fixed AM
showed thymidine incorporation levels (2416 ± 245 cpm) compa-
rable to MLR without AM. MLR cultured with fixed AM was not
significantly different from that without AM. Murine MLR was
not suppressed by fixed human AM. These results suggest that
cultured human AM might produce immunosuppressive factors,
and that murine MLR might be suppressed by soluble factors 
produced by human AM.

Inhibition of responder CD4+Vb6+ T cells by human AM
To directly determine whether human AM has the ability to sup-
press responder T cells in vitro, we next investigated AM effect
on responder T cell proliferation by flow cytometry, using a com-
bination of CFSE and mAbs specific for CD4 and Vb6. Since stim-
ulator DBA/2 mice have minor lymphocyte-stimulating (Mls) 1a

superantigen [33], CD4+Vb6+ T cells of responder C57BL6 mice
were isolated as Mls1a superantigen reactive T cells. Results were

expressed as percentages of CD4+Vb6+ cells among lymphocytes
isolated from allogenic MLR with AM, allogenic MLR without
AM (positive control), and syngenic MLR without AM (negative
control). The mean percentage of CD4+Vb6+ T cells was 5·5% in
allogenic MLR with AM, while the positive and negative control
groups contained 12·5% and 2·5% of CD4+Vb6+ T cells, respec-
tively (Fig. 2a). FACS analysis revealed that the mean percentage
of CD4+Vb6+ T cells in MLR with AM was significantly less than
in MLR without AM. The proliferation of responder CD4+Vb6+ T
cells was suppressed by the cultured human AM, possibly via their
derived soluble factors.

We next labelled live CD4+Vb6+ T cells in vitro with a stable,
fluorescent dye, CFSE that segregates equally between daughter
cells upon cell division, enabling fine monitoring of the pro-
liferative history of any T cell present or generated during a
response [34]. This system permits simultaneous evaluation of 
T cell surface markers, and concomitant assessment of cellular
activation. T cell division in CFSE-labelled responder cell popu-
lations was kinetically analysed. The CFSE histograms were gated
for CD4+Vb6+ T cells on day 4 of the MLR culture, and showed
the CFSE fluorescence profile (Fig. 2b). In the positive allogenic
MLR culture, the CFSE histograms include large numbers of cells
that had undergone more than 3 divisions (left of line). In 
the syngenic MLR culture without AM, the CFSE histograms
revealed the absence of those divided cells. In human AM-treated
allogenic MLR cultures, the CFSE histograms demonstrated that
smaller numbers of cells had undergone more than 3 divisions, 
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Fig. 1. Inhibition by human AM of proliferative responses of murine 
allo-reactive mixed lymphocyte reaction (MLR). Human AM was added
to the transwell of MLR culture containing C57BL/6 responder and
DBA/2 stimulator. Lymph node cells (2 ¥ 106 cells/ml) from C57BL/6 mice
(as responders) were mixed with gamma-irradiated (20Gly) spleen cells 
(2 ¥ 106 cells/ml) from histoincompatible DBA/2 mice (as stimulators).
These MLR cultures were then cocultured with human AM in the tran-
swell of 24 wells. These culture plates were incubated for 4 days, during
the last 8 h of incubation, 3H-thymidine was added. Positive allogenic
control was MLR of C57BL/6 responder and DBA/2 stimulator without
human AM. Negative syngenic control consisted of responder and stimu-
lator cells from C57BL/6 without human AM. In some experiments,
human AM was prefixed with 100% ethanol, dried, and washed with PBS
4 times. This fixed human AM was added to the transwell of allogenic
MLR culture containing C57BL/6 responder and DBA/2 stimulator cells.
Radioisotope incorporation detected in 4 separate experiments with 
triplicate wells is presented as mean cpm ± SEM. (*P < 0·001)
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as compared with the positive control (Fig. 2b). These results
demonstrate that the cell division and proliferation of responder
CD4+Vb6+ T cells were suppressed by human AM soluble factors.

Suppression of MLR induced Th1 and Th2 cytokine syntheses
by human AM
To examine the effects of AM on MLR-induced T cell cytokine
production, the levels of mouse-derived Th1-(IFNg and IL-2) and
Th2-(IL-6 and IL-10) type cytokines in MLR culture supernatants
were measured on the basis of their maximal production results
of time-course study. To this end, IL-2 synthesis was measured in
day 2 MLR supernatants, while the other cytokines were mea-
sured in day 4 MLR supernatants. Thus, the culture supernatants
from the positive MLR control group contained high amounts of
both Th1 and Th2 type cytokines. It should be noted that levels
of IFNg, IL-2, IL-6 and IL-10 synthesis decreased significantly
when AM was added to the MLR culture transwell (Fig. 3). More-

over, undetectable levels of Th1 (IFNg, IL-2) or Th2 (IL-6 and IL-
10)-type cytokines were produced in the syngenic MLR without
human AM group (negative control). Taken together, Th1 (IL-2,
IFNg) and Th2 (IL-6, IL-10)-type cytokines produced by allogenic
MLR were significantly inhibited by the presence of human 
AM in the transwell. To determine whether known regulatory
cytokines possessing inhibitory function were produced by human
AM in the MLR culture transwell, we examined levels of human
inhibitory cytokines (IL-4, IL-10 and TGF-b) in the human AM
transwell. None of these human cytokines were detected in the
culture supernatant (data not shown).

DISCUSSION

First, this study shows that human AM is capable of inhibiting
allo-reactive T cell response in in vitro murine MLR. Murine
MLR cultured with human AM in transwells showed significantly
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Fig. 2. Suppression of responder CD4+, Vb6+ T cell division by human AM. FACS profile of CD4+Vb6+ T cells (a) and analysis of respon-
der CD4+Vb6+ T cell division (b) in murine MLR in the presence or absence of human AM. Lymph node cells (2 ¥ 106) from C57BL/6 mice
(as responders) were mixed with gamma-irradiated (20Gly) spleen cells (2 ¥ 106) from histoincompatible DBA/2 mice (as stimulators) in
the presence or absence of human AM in the MLR culture transwell. Intracellular fluorescent dye, CFSE, was used to label responder
cells before in vitro culture. After 4-day culture, cells were double stained with PE-conjugated anti-Vb6 mAb and APC-conjugated anti-
CD4 mAb. Results of mean percentages from 3 independent experiments are presented as mean (%) ±SEM. Data of CFSE histograms
represent of 2 separate experiments.
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less thymidine incorporation than that cultured without AM.
Next, this study demonstrates that human AM is capable of
inhibiting responder CD4+Vb6+ T cells in in vitro murine MLR. To
this end, FACS analysis revealed that the mean percentage of
CD4+Vb6+ T cells in the culture of MLR with AM was significantly
less than in the MLR without AM. CFSE analysis also revealed
less division of responder CD4+Vb6+ T cells in MLR cultures with
AM than without. Furthermore, Th1 and Th2 cytokine produc-
tion by allo-reactive T cells was also inhibited by human AM in
the MLR culture transwell. Taken together, evidence that murine
MLR was suppressed by the cultured human AM in transwell
indicates that an immunosuppressive factor could be produced by
human AM.

Our present results show that cultured human AM tissues
inhibit MLR when separated from the mixed lymphocytes by a
0·4-mm pore membrane, indicating that MLR inhibition by human
AM is mediated by a soluble factor. To support this view, pre-
treatment of human AM with 100% ethanol resulted in removal
of the inhibitory effect. To our knowledge, this is the first report
demonstrating immnosuppressive effects by human AM, possibly
via secreted inhibitory factor. Since Streilein et al. [35] have pro-
posed that soluble factors secreted by explanted ocular tissues in
vitro represent the ability of these tissues to create and sustain an
immunosuppressive microenvironment in vivo within the eye, it
is highly possible that our present demonstration of the immuno-
suppressive effect of human AM in vitro allogenic T cell responses
reflects in immunoinhibitory function of human AM when 
transplantated to the eye. It has been demonstrated that murine
iris/ciliary body tissues and cells display the ability to suppress

murine MLR to which they have been added as regulatory cells
[28]. In addition, another previous report showed that rat ciliary
body cells were also capable of inhibiting Ag-driven Th lympho-
cyte proliferation [36]. This inhibitory activity was not species 
specific, since similar inhibitory effects were observed with bovine
and human ciliary epithelial cells [36]. Taking these previous and
our present findings together, it is interesting to suggest that
human AM may produce a known or unknown soluble factor
capable of inhibiting allogenic T cell responses without species
specificity.

ALT is rejected easily, sometimes even with immunosuppres-
sive treatment (e.g. steroid). As regards allo-immunogenicity 
of corneal epithelium, a previous study showed that an intact
epithelial structure containing classII MHC-bearing cells (corneal
limbus), is capable of inducing proliferation among allo-reactive
T lymphocytes [28]. It has been suggested that Langerhans 
cells migrate out of the limbal tissue to where they can en-
counter responding lymphocytes for subsequent initiation of
MHC-restricted alloantigen reaction [28]. Another previous study
showed that full-thickness allogenic corneas induce vigorous
delayed hypersensitivity for eventual rejection [37]. Similar re-
sults were obtained with allografts of corneal epithelium alone
and stromal allografts deprived of endothelium [37]. Further-
more, a previous study has shown that allogenic corneas deprived
of epithelium and placed beneath the kidney capsule did not
undergo immune rejection during prolonged follow-up [38].
Taken together, these results lead to the reasonable hypothesis
that the epithelium is the site primarily responsible for the allo-
immunogenicity of heterotopic corneal grafts; and that corneal
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Fig. 3. Inhibition by human AM of Th1 and Th2 cytokine synthesis in murine MLR. Levels of cytokine production in culture supernatants
of allogenic MLR with AM ( ), allogenic MLR without AM (�) and syngenic MLR without AM (�) were examined by murine Th1 and
Th2 cytokine-specific ELISA. Following 2 day incubation, IL-2 synthesis level was measured. In case of IFNg, IL-6 and IL-10, supernatants
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epithelium has strong alloimmunogenicity. As well, outside the
eye, afferent lymphatic vessels carry antigens in highly immuno-
genic form to regional lymph nodes in which naive T cell activa-
tion first occurs, leading to induction of conventional immunity
[39]. The combination of ALT and AMT is more successful for
the ocular surgery than ALT only, since AMT is thought to have
the beneficial effect of AM’s immunosuppressive ability. To this
end, our present study directly and experimentally demonstrated
that human AM possesses suppressive function that inhibits allo-
reactive T cell response using murine MLR system. Further, the
result suggested an interesting possibility that human AM may
secrete inhibitory factor which can suppress allo-reactive T cell
responses.

Previous studies have demonstrated that several factors con-
tribute to the presence of immunological privilege in the eye. Bio-
logical fluid obtained from the anterior chamber of the eye has
been shown to be immunosuppressive, an effect at least partly
explained by the presence of TGF-b [40–43]. It has been demon-
strated that mouse and rat iris/ciliary body cells can produce
immunosuppressive factors, including TGF-b for the inhibition of
MLR [28,36]. Human AM has been shown to express mRNAs for,
and produce, TGF-b1 and -b2 [26]. In addition, a previous report
has shown that in vitro, cytotrophoblasts, a placental tissue,
produce IL-10, a cytokine that potentially inhibits alloresponse in
MLR [44]. Furthermore, a previous study showed that amnion
epithelial cells also expressed inhibitory cytokine such as IL-4 in
protein and mRNA [45]. An obvious assumption therefore is that
human AM-associated suppressor function could be due to the
production of those inhibitory cytokines. To assess this possibil-
ity, we investigated the production by human AM of selected
human cytokines thought to possess immune-suppressive effects,
such as IL-4, IL-10, TGF-b1. However, we could not detect IL-4,
IL-10 or TGF-b1 in the culture supernatant of MLR with human
AM in transwells. Although those findings suggest that human
AM in MLR culture did not produce the known inhibitory
cytokines, including IL-4, IL-10 and TGF-b, additional confirma-
tion is required as the lack of such inhibitory cytokine synthesis
at the mRNA level. Further, it is important to examine whether
stimulated human AM is capable of producing these inhibitory
cytokines.

In the present study, we could not determine the AM soluble
factor that suppresses allo-reactive T cells. In addition to the 
possibility of inhibitory cytokines, PGE2, which can inhibit IL-2
synthesis, may have immunosuppressive ability [46–48]. A previ-
ous study has indicated that human amnion cells produce 
PGE2 which can be enhanced by the presence of granulocyte
supernatants. It has been also demonstrated that HLA-G inhibits
the allogenic proliferative response [49], and that soluble HLA-G
is present in amniotic fluids [50]. Furthermore, human fetal 
membrane expresses FasL, by which the fetus is afforded protec-
tion against the cytolytic actions of lymphocytes from the mother
[51–54]. Thus, it is possible that the inhibitory effect of human 
AM could be explained by the presence of PGE2, HLA-G and
FasL, in addition to inhibitory cytokines. In addition, we have 
to consider that these inhibitory factors could be induced by 
exposure of human AM to soluble factors derived from lym-
phocytes in MLR culture. To formally assume that human AM
produces a new inhibitory molecule for suppression of allo-graft
rejection in ALT, we must carefully perform a series of additional
experiments. These lines of study are under investigation in our
laboratory.

In summary, our present data demonstrate that human AM is
capable of inhibiting allo-reactive T cell response including cell
division, proliferation and Th1/Th2 cytokine synthesis in vitro.
Further, our findings suggest the interesting possibility that
human AM may secrete an undefined inhibitory factor for the
suppression of allogenic response. This inhibitory effect of human
AM likely contributes to the success of the ALT-AMT combina-
tion in ocular surgery.
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