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Purpose. To examine the postnatal development of major histocompatibility complex (MHC)
class II-positive dendritic cells (DC) in the iris of the normal rat eye.

Methods. Single- and double-color immunomorphologic studies were performed on whole
mounts prepared from rat iris taken at selected postnatal ages (2 to 3 days to 78 weeks).
Immunopositive cells were enumerated, using a quantitative light microscope, and MHC class
II expression on individual cells was assessed by microdensitometric analysis.

Results. Major histocompatibility class II-positive DCs in the iris developed in an age-depen-
dent manner and reached adult-equivalent density and structure at approximately 10 weeks
of age, considerably later than previously described in other DC populations in the rat. In
contrast, the anti-rat DC monoclonal antibody OX62 revealed a population of cells present
at adult-equivalent levels as early as 3 weeks after birth. Dual-color immunostaining and
microdensitometric analysis demonstrated that during postnatal growth, development of the
network of MHC class II-positive DCs was a consequence of the progressive increase in
expression of MHC class II antigen by OX62-positive cells.

Conclusions. During postnatal growth, die DC population of the iris develops initially as an
OX62-positive-MHC class II-negative population, which then develops increasing MHC class
II expression in situ and finally resembles classic DC populations in other tissue sites. Matura-
tion of the iris DC population is temporally delayed compared with time to maturation in
other tissue sites in the rat. Invest Ophthalmol Vis Sci. 1997;38:2639-2648.

Xn recent studies, the presence of separate and dis-
tinct networks of resident tissue macrophages and ma-
jor histocompatibility complex (MHC) class II (Ia)-
positive dendritic cells (DCs) in tissues bordering the
anterior chamber (AC) of a range of species has been
described.1"3 This population of DCs accounts for vir-
tually all la immunostaining in the iris and is present
at densities similar to that of Ia+ epidermal Langer-
hans' cells.3 These features, combined with the evi-
dence that rat iris Ia+ DCs possess a potent ability to
stimulate primary immune responses in vitro,4 sug-
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gests that these cells may play an important role in
immune surveillance of the anterior chamber.

The ontogeny of Ia+ DC populations during fetal
and postnatal development has been examined in a
number of lymphoid and nonlymphoid tissues. In the
rat, Ia+ DC populations are first observed at fetal day
15 in the thymus and subepithelial tissues of the gas-
trointestinal tract as collections of rounded or macro-
phage-like Ialow cells,5"7 which then increase in num-
bers and upregulate la expression during fetal devel-
opment.8'9 After birth, DC populations in the rat attain
adult-equivalent levels within 2 to 3 weeks in virtually
all tissue sites examined to date.5'6'810"13

Reports of results from previous qualitative studies
on frozen sections from this laboratory have suggested
that the development of Ia+ DCs in the aqueous out-
flow pathways of the rat eye may occur more slowly
than that observed in other tissue sites.14 Therefore,
we sought to evaluate the postnatal development of
Ia+ DCs in the anterior uveal tract, using a whole

Investigative Ophthalmology & Visual Science, November 1997, Vol. 38, No. 12
Copyright © Association for Research in Vision and Ophthalmology 2639

Downloaded From: http://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933420/ on 02/09/2017

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Queensland eSpace

https://core.ac.uk/display/14991268?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2640 Investigative Ophthalmology & Visual Science, November 1997, Vol. 38, No. 12

mount technique to allow visualization of the entire
DC population within this tissue. Evidence presented
in this report indicates that DCs infiltrate the iris pri-
mordium as la"Cijatlvc or Ialow precursor cells, which sub-
sequently develop in situ into DC-bearing high levels
of la antigen. Furthermore, the data of the present
study indicate that although Ia+ DC development in
the iris may be morphologically similar to that in other
tissue sites, this process is delayed temporally and oc-
curs at a considerably slower rate than that reported
in many other tissue sites of the rat.

MATERIALS AND METHODS

Animals

Male Lewis rats (specific pathogen free) were pur-
chased from the Animal Resources Centre (Murdoch,
Australia). Seventy-three eyes from 52 animals were
used. Animals were housed in the animal research
center at Princess Margaret Hospital (Subiaco, WA,
Australia) under National Health and Medical Re-
search Council-approved conditions. All procedures
conformed to the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research.

Monoclonal Antibodies

The monoclonal antibody (mAb) OX6 (anti-la),15

OX8 (anti-CD8),16 OX19 (anti-CD5),17 OX21 (anti-
human iC3b; isotype control),18 OX22 (anti-
CD45RC)19 and OX62 (anti-DC, veiled cells, and
y<5TCR+ T cells)20 were kindly supplied by Dr. D. Ma-
son (Dunn School of Pathology, Oxford, UK). ED2
(anti-resident tissue macrophage)21 was provided by
Dr. C. Dijkstra (Vrije University, Amsterdam, The
Netherlands). Dr. T. Hunig (University of Wurzburg,
Germany) kindly provided the mAb R73 (anti-
a/?TCR)22 and V65 (anti-y<5TCR).23 Other mAbs used
have been previously reported: RP3 (antipolymorpho-
nuclear neutrophil),24 G4.18 (anti-CD3),25 and HIS-
14 (anti-B cell).2627 Biotinylated mAbs were generated
in-house at TVW Telethon Institute for Child Health
Research. Streptavidin-horseradish peroxidase (S-
HRP), biotinylated sheep anti-mouse immunoglobu-
lin (Ig) G (biotm-SHAM), sheep anti-mouse IgG-
horseradish peroxidase conjugate and streptavidin-
alkaline phosphatase conjugates were purchased from
Amersham (Sydney, Australia).

Immunohistochemical Staining

Irises from cardiac-perfused animals (phosphate-buf-
fered saline plus heparin) were prepared for whole
mount immunostaining, as previously described,3'28 or
were prepared for cryostat sectioning by infiltration
with embedding medium (OCT; Tissue-Tek, Elkhart,
CA) and freezing, as previously described.14 Wholem-
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FIGURE l. Development of major histocompatibility complex
class II (OX6)+ iris dendritic cells during postnatal growth.
Data are mean ± SD compiled from eight eyes (four ani-
mals) of 2- to 3-day-old animals and in five to six eyes (three
animals) of other groups.

ounts to be stained with OX62 were postfixed in cold
ethanol (5 minutes) before rehydration in phosphate-
buffered saline. Frozen sections (10 fim) were cut,
placed on gelatinized slides and air dried (30 minutes)
before rehydration and immunostaining. Single-color
immunohistochemical staining and double-color im-
munohistochemical staining were performed as pre-
viously described.310

For microdensitometric analysis, Ia+ cells were
stained immunohistochemically with the mAb OX6
and subsequent incubations with biotin-SHAM and S-
HRP. The enzyme substrate development step (using
3,3 diaminobenzidine tetrahydrochloride; Sigma, St.
Louis, MO) was terminated before generation of satu-
rating concentrations of substrate reaction product.
Results of preliminary experiments (data not shown)
revealed that although prolonged incubation resulted
in staining of greater intensity, the differential staining
intensity between individual DCs was obscured.

Quantitative Analysis

Enumeration of immunopositive cells in iris wholem-
ounts was performed as previously described.3 Assess-
ment of the morphologic characteristics of iris DCs in
wholemounts was performed by classification of im-
munopositive cells as round, pleomorphic, or dendri-
form during enumeration. Cells classified as round
comprised small, round cells up to 12 fim in diameter,
which displayed no evidence of surface projections
or cell processes. Pleomorphic cells included regular-
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FIGURE 2. Immunomorphologic illustration of major histocompatibility complex class II
(OX6)+ iris dendritic cell development during postnatal growth in rat iris wholemounts.
(A) A 3-day-old animal: The developing iris (I) is visible as a thin band of tissue. The
ciliary body (CB) is poorly differentiated at this stage. Note the relatively low number of
immunopositive cells in these newborn rats. (B) Three-week-old animals: Cells are predomi-
nantly pleiomorphic, although unipolar and bipolar cells are common. Some cells exhibit
a veiled appearance evident at higher magnification (not shown). (C) An 8-week-old animal:
Cell density is similar to older animals, but the cells are not as highly dendriform as in older
animals. (D) A 15-week-old animal: Cells exhibit extensive cell processes and high MHC
class II (la) antigen expression. Magnifications: (A, B) X250.

shaped cells larger than 12 fim in diameter and those
that demonstrated evidence of some surface projec-
tions (veils, ruffles) or cells displaying a unipolar or
bipolar structure whose cell processes were broad,
short, and unbranched. Cells were classified as dendri-
form cells when they possessed more than two cell
processes projecting from the cell body or when they
displayed one or two long, fine, branched cell pro-
cesses. The proportion of cells in each morphologic
category was expressed as a percentage of the total
number of cells.

The surface area of the irides was determined mi-
croscopically, using image analysis software (OPTI-
MAS 4.0, Bioscan, Edmonds, WA). Only whole irides
were used to determine area. Total number of immu-
nopositive cells per iris was calculated for each individ-
ual iris wholemount by multiplication of the mean cell
densities and total iris areas.

Microdensitometry of individual cells was per-
formed using computerized image analysis (Chro-
matic Image Analysis System MD-30, Flinders Imaging,
Adelaide, Australia), as previously described.10 Stain-
ing conditions were rigorously standardized between
individual immunostaining sessions, each of which in-
cluded internal (adult) controls. To minimize interex-

perimental variation, the number of staining runs re-
quired to obtain all age groups was limited to three.
When performing microdensitometry on different de-
velopmental age groups, between 25 and 45 cells were
analyzed per iris (mean, 35.4), resulting in analysis of
between 199 and 315 cells per age group.

Statistical Analysis

Percentage values were arcsine transformed to adjust,
for nonnormality before statistical analysis.29 Regres-
sion analysis of la expression with age was performed.

RESULTS

Postnatal Development of Major
Histocompatibility Complex Class II-Positive
Iris Dendritic Cells

Previous immunomorphologic studies of adult rats3'4

have demonstrated the presence of a network of pleo-
morphic and dendriform Ia+ iris DCs present in Lewis
rats at a density of approximately 450 cells/mm2.
Quantitative analysis of anti-Ia-immunostained iris
wholemounts revealed that the Ia+ iris DC population
of the Lewis rat increased in density during postnatal
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FIGURE 3. Quantitative analysis of the structure of major his-
tocompatibility complex class II (OX6)+ iris dendritic cells
during postnatal development. Data were complied using a
quantitative microscope as detailed in Materials and Meth-
ods and comprise identical group sizes, as presented in Fig-
ure 1.

development and attained adult equivalent density ap-
proximately. 8 to 10 weeks after birth (Fig. 1). It is
notable that the density of Ia+ cells was maximum at
15 weeks of age. After a small reduction, Ia+ cell den-
sity was maintained at a relatively stable level through-
out adulthood. The total number of Ia+ cells present
in each iris followed a .similar pattern of postnatal
development and attained a value throughout adult-
hood (approximately 11,000 to 15,000 cells/iris) that
reflected total iris area (Fig. 1).

Qualitative and quantitative examination re-
vealed that in 2- to 3-day-old neonates, anti-la immu-
nostaining delineated a cell population comprised
predominantly of small (12 to 15 fim in diameter),
rounded cells (Fig. 2A), although unipolar or bipo-
lar (pleomorphic) cells were noted (Fig. 3). The iris
at this age is only approximately 200 to 300 //m in
width. By postnatal day 13, a larger proportion
(more than 80%) of Ia+ cells exhibited a greater
degree of pleomorphic structure. Many cells exhib-
ited a "veiled" appearance, and unipolar or bipolar
cells were not uncommon; however, dendriform
cells were rarely observed (Fig. 3). Cells that exhib-
ited pleomorphic structure comprised the greatest
proportion of immunopositive cells in 3-week-old
Lewis rat irises (Fig. 2B). Although dendriform cells
were present, they constituted a small proportion of
the population (Fig. 3). By 8 weeks of age, Ia+ cells
exhibited cell density and morphologic characteris-
tics similar to those of adult animals (Fig. 2C), but
the extent of dendrite expression by Ia+ cells ap-
peared somewhat less evident than that observed in

15-week-old animals (Fig. 2D). Quantitative exami-
nation of the intensity of anti-la immunoperoxidase
staining (Fig. 4) revealed that la expression exhib-
ited a gradual increase during postnatal growth and
reached a value closely approximating that observed
throughout maturity by 8 weeks after birth (r =
0.855).

Delineation of Iris Dendritic Cell Development
With the Monoclonal Antibody OX62

The mAb OX62, which was raised against rat veiled
cells, recognizes a surface marker on rat DCs in
lymphoid and nonlymphoid tissues and y<5 TCR+ T
cells in the epidermis (putative dendritic epidermal
T cells).20 Examination of rat iris wholemounts with
the mAb OX62 revealed that in 2- to 3-day-old neo-
natal animals, immunopositive cells were present at
a density (240 ± 85 cells/mm2) approximately four
times that observed in Ia+ cells (66.5 ± 28.2 cells/
mm2; Fig. 5A). Immunopositive cells were predomi-
nantly small (10 to 12 /im in diameter) and exhib-
ited a rounded structure with highly indented or
cleft nuclei; however, a small number of cells were
slightly larger (12 to 15 fim diameter) and exhibited
a finely ruffled cell surface, visible by high-power
magnification. Cells that exhibited a unipolar struc-
ture were also rarely observed. At postnatal day 13,
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FIGURE 4. Anti-major histocompatibility complex class II
(OX6) immunoperoxidase staining intensity of iris dendritic
cells during postnatal development. Major histocompatibil-
ity class II (la) staining intensity was determined with a mi-
crodensitometric technique in individual immunopositive
cells and is presented as mean ± SD. Optical density data
were compiled from the same material analyzed for determi-
nation of cell density in Figure 1.
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FIGURE 5. (A) Development of OX62+ cells in the iris during postnatal development. Data
are mean ± SD compiled from four eyes (four animals) of 2- to 3-day-old and 13-day-old
animals, from three eyes (two animals) of 15-week-old animals, and from two eyes (two
animals) of 78-week-old animals. The total number of cells are calculated from mean cell
density and areas presented in Figure 1. (B, C, D, E) Iris wholemounts immunostained with
the anti-dendritic cell monoclonal antibody OX62. (B) A 3-day-old rat iris and ciliary body
(CB) wholemount. Immunopositive cells are predominandy small and rounded. (C) A 3-
week-old animal. Note that immunopositive cells are present at close to adult-equivalent
levels; however, they are considerably less dendriform, compared with those in (D) 15-week-
old animals, in which some immunopositive cells (E) exhibit highly dendriform structure.
Magnifications: (B, C, D) X250, (E) X630.

OX62+ cells were present in the iris at a density that
closely approached that observed in adult animals
(Fig. 5A). Cell structure was generally rounded (12
to 15 ^m in diameter); however, the predominant
proportion of the population exhibited a small de-
gree of elongation or irregularity in cell profile and
ruffled cell margins that were visualized at high mag-
nification. By postnatal week 15, a large proportion
of the OX62+ cells exhibited a well-developed den-
driform structure (Figs. 5D, 6), with processes that
spanned 60 to 100 //m {Fig. 5E). A minor population
of small (10 to 12 fim in diameter), rounded, in-
tensely OX62+ cells appeared to be marginated
within iris blood vessels (Fig. 7E). Also present was
a population of slightly larger (12 to 15 (j,m in diame-
ter) irregular cells that often possessed short cell
processes. The density and morphologic characteris-
tics of OX62+ cells in 78-week-old animals was simi-
lar to those in young adults.

Development of Major Histocompatibility
Complex Class II Expression by OX62-Positive
Iris Dendritic Cells

The observation of an extensive population of OX62+

cells in the absence of comparable la expression in
the iris during early postnatal development suggested
delayed development of la expression by recently re-
cruited iris DCs. Therefore, we sought to determine
the coexpression of la antigens on OX62+ cells by
dual-color immunostaining studies. In 2- to 3-day-old
rats, detectable levels of la were expressed on only a
relatively small proportion of OX62+ cells (15%; Figs.
7A, 8), and this expression was restricted to the popu-
lation of slightly larger (12 to 15 fim in diameter)
OX62+ cells (Fig. 7A). In 13-day-old rats, the propor-
tion of OX62+ cells expressing la was marginally
greater (20%) than that ofnewborns (Figs. 7B, 8),
with la expression largely restricted to the pleomor-
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FIGURE 6. Quantitative analysis of OX62+ iris dendritic cells
during postnatal development. Data were compiled from
four animals per group (3-day-old and 3-week-old) or two
animals per group (5- and 78-week-old).

phic OX62+ cells. The nuclear profile was invariably
more irregular in double-immunopositive cells than
that in the highly cleft nuclei observed in small, round
OX62+/Ia" cells.

At 15 weeks, la was expressed on approximately
two thirds of all OX62+ cells (Figs. 7C, 8). The inner
pupillary portion of the iris appeared to contain a
slightly higher proportion of OX62+/Ia+ cells,
whereas many highly dendriform cells that spanned
40 to 60 fim at the base of the iris were Ia~. In general,
those OX62+ cells that coexpressed la exhibited a
more dendriform or pleiomorphic structure than
those OX62+/Ia" cells. Small (10 to 12 /im in diame-
ter) OX62+ cells were consistendy la" (Fig. 7C, 7D);
however, a large proportion of the rounded and
slightly larger (12 to 15 fim in diameter) "fuzzy" cells
coexpressed la antigens (Fig. 7C). In an aged popula-
tion of animals (18 months old), the proportion of
OX62+ cells coexpressing la was markedly higher than
that observed in 15-week-old animals (Fig. 8). In these
animals, la expression was restricted to pleiomorphic
and dendriform cells.

Extensive immunostaining was performed that ex-
cluded the presence of significant numbers of CD3+

(G4.18), a/3TCR+ (R73), or y<5TCR+ (V65) T lympho-
cytes, B cells (HIS-14) or polymorphonuclear neutro-
phils (RP3), consistent with results previously re-
ported.28 In addition, strong endogenous peroxidase
activity, normally associated with eosinophils, was ab-
sent from negative-control wholemounts, suggesting
these cells could also be excluded. Because la immu-
nostaining within the iris was restricted virtually exclu-
sively to OX62+ cells (Fig. 8), it was therefore con-
cluded that the small, round OX62+/Ia~ cells com-

prised OX62+/Ia+ DC precursors. Double-color
immunostaining with the mAb OX62 and ED2 (resi-
dent-tissue, macrophage-specific mAb) excluded the
possibility that OX62+/Ia~ pleiomorphic and dendri-
form cells may have comprised macrophages.

DISCUSSION

Previous immunomorphologic studies have deline-
ated an Ia+ DC network in the iris that resembles that
seen in many other tissue sites.1'3 Examination of the
functional characteristics of Ia+ cells enriched from
the rat iris by positive immunomagnetic selection have
demonstrated their potent capacity to induce primary
immune responses in vitro, following maturational sig-
nals provided by granulocyte macrophage colony-
stimulating factor,4 indicating their potential as im-
portant mediators of immune surveillance in the ante-
rior chamber, a classic site of immune privilege.30'31

Results of previous qualitative studies from this labora-
tory have suggested that Ia+ cell populations in tissues
surrounding the AC and along the path of the aque-
ous outflow pathway in the rat may not attain adult-
equivalent levels until after sexual maturity.14 Such a
pattern of development is in contrast with that re-
ported in all other rat DC populations examined to
date—for example, within the respiratory system,810

gastrointestinal tract,5'611 heart,12 and pancreas.13 The
mAb OX62 has been used to delineate DC popula-
tions in a number of rat tissues, including spleen,20

conducting airways,10 small intestine,32 and posterior
uveal tract of the eye.33 Use of this mAb for successful
characterization of the development of rat DCs gener-
ated in vitro from bone marrow progenitor cells34 and
for demonstration of Ia~ DC precursors in the con-
ducting airways during postnatal development10 indi-
cate that this mAb, in conjunction with anti-la mAb,
may be a valuable tool in investigations of DC develop-
ment in the iris, allowing comparison with DC devel-
opment in other tissue sites. The results of the current
study suggest that Ia+ DCs develop from OX62+/Ia"/low

precursors. It should be noted, however, that OX62V
Ia~ cells may have generally escaped detection in
other tissues for technical reasons, in that we have
found fixation and mode of tissue preparation to be
crucial for successful immunostaining of OX62.

Single immunostaining with anti-la mAb revealed
an age-dependent process of Ia+ DC development in
the iris that comprised transition from rounded cells
with few cell processes that expressed relatively low
levels of la through intermediate morphologic forms
to the characteristic dendriform-pleiomorphic struc-
ture of DCs. These observations were similar to those
reported on Ia+ DCs in other tissue sites, leading previ-
ous workers to conclude that Ia+ DCs develop in situ
from Ialow cells observed in the early stages of DC
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FIGURE 7. Coexpression of la antigens on OX62+ iris dendridc cells, la was visualized with
napthol-AS-MX-phosphate and appears blue, the OX62 monoclonal antibody was visualized
with aminoethylcarbazole and appears red, and cells coexpressing both antigens appear
purple. (A) A 2- to 3-day-old animal; Immunopositive cells present in low numbers are
predominantly OX62 + / Ia- (red). OX62+/Ia+ cells indicated by arrows. (B) A 13-day-old
animal: OX62+ cells are present at close to adult-equivalent levels; however, la coexpression
and dendriform morphology are not well developed. (C) A 15-week-old animal: The major
proportion of OX62+ cells coexpress la and exhibit highly dendriform morpholog)'. (D)
High-power view of marginated OX62+/Ia— cell (arroro) in a 15-week-old animal. Magnifica-
tions: (A) X250, (B) X160, (C) X250, (D) X630. Original plate was in color, but cost
prohibited publication.

development.123n Findings in further immunostaining
studies revealed that appearance of OX62+ cells pre-
ceded that of Ia+ DCs in the iris. Furthermore, the
pattern of morphologic development and temporal
increase in la coexpression suggested that Ia+ DCs
developed from the population of OX62+/Ia~ cells.
Knowing that virtually all la immunostaining within
the iris was restricted to OX62+ cells and the antigen
recognized by the OX62 mAb is not expressed on
monocytes,20 it was concluded that OX62 expression
within the iris was restricted to cells of the DC lineage
and that the OX62+/Ia~ cells observed comprised pre-
cursors of Ia+ DCs. Such a finding is consistent with
those in previous studies from this laboratory in which
examination of the population kinetics of iris antigen-

presenting cell (APC) populations in adult eyes sug-
gested a role for OX62+/Ia~ cells as precursors of Ia+

iris DCs.30

The results of the current study therefore indicate
the ontogenic sequence of iris DC development. Dur-
ing late fetal development or around the time of birth,
the developing iris is infiltrated through the vascula-
ture by small, round (10 to 12 jum in diameter) mono-
cyte-like OX62+/Ia~/low cells that become distributed
throughout the iris stroma. Influx of these OX62+/
ja-/iow c e j | s proceeds at a rate that establishes an adult-
equivalent network of OX62+ cells by postnatal day
13. During this period, OX62+ cells grow larger, and
a small proportion begin to express low to moderate
levels of la. Whereas the OX62+ cell population re-
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FIGURE 8. Quantitative assessment of la coexpression by
OX62+ iris dendritic cells during postnatal development.
Data are compiled from three (15-week-old) or four (other
age groups) animals per group.

mains relatively static after postnatal day 13, the devel-
opment of la4" DCs, as indicated by population density,
level of la expression, and degree of dendriform struc-
ture, proceeds by transformation of this OX62+-Ia~/low

population into OX62+-Ia+ classic DCs. The presence
of a residual population of small monocyte-like
OX62+-Ia~/lcm cells in adult animals suggests that the
relative static nature of the adult iris DC population
may be maintained by continuous recruitment of
these cells.

The precise nature of the circulating DC precur-
sor cell that migrates into peripheral tissues is pres-
ently unclear, but it has been widely concluded that
the small, round cells present in the early stages of
DC population development represent such an infil-
trating precursor.71037'38 Further evidence is provided
by results of recent studies in vitro, which have estab-
lished that the antigen recognized by the mAb OX62
is expressed on early Ia~ predecessors of Ia+ DCs prop-
agated from rat bone marrow.34 The ability of these
propagated DCs to act as APC was reported to be
acquired in parallel with la expression.3"1 The fuzzy or
spiked structure of the larger (12 to 15 fxm in diame-
ter), rounded OX62+-Ia+ cells observed in the iris
was remarkably similar to that noted in DCs generated
in vitro from CD34+ human hematopoietic progenitor
cells,39 and low, buoyant density in vitro propagated
DCs that had not fully matured.34

The mechanisms that induce DC maturation in
nonlymphoid tissues are unclear. Some investigators
suggest that exposure to environmental antigenic
stimulation may provide the impetus for DC develop-
ment. 1Op37'3s However, it appears likely that although
exogenous antigenic stimulation may accelerate the

process, it is not essential for DC development.11 It is
noted that the rate of development of Ia+ iris DCs is
greatest between postnatal days 13 and 21. This period
coincides with eye opening, which in the rat occurs at
approximately postnatal day 14, Eye opening is a ma-
jor event in the development of ocular function and
may impinge on the intraocular environment in many
ways: through alteration of the regulation of compo-
nents of the photodetection cascades, alteration in
neuropeptide levels, or exposure of the globe to the
external environment as a potential source of exoge-
nous antigenic stimulation.

Morphogenesis of the rat iris commences late in
gestation,40 and at birth, it is represented by a narrow
primordium. The presence of small, round Ialow cells
within the iris primordium at 2 to 3 days after birth
in the current study demonstrated that development
of Ia+ cells in this tissue commences close to the onset
of iris morphogenesis. Despite the apparently rapid
commencement of Ia+ cell development in the iris,
this population did not attain adult-equivalent charac-
teristics and density until approximately 10 weeks of
age. This contrasts distinctly with the development of
those characteristics reported in many other non-
lymphoid tissue sites of the rat—for example, the res-
pirator)' and gastrointestinal systems, where develop-
ment of adult-density DC networks is generally com-
plete by approximately 3 weeks after birth.5'6'8'10"13 The
mechanism underlying the temporal retardation of la
expression by iris DCs compared with those in other
tissue sites is unclear. One explanation is the postpar-
tum development of the rat eye and anterior segment
structures, in particular the iris, which persists until 6
months of age.41 Alternatively, it is possible that the
intraocular microenvironment within the AC exerts a
modulatory influence on development of la expres-
sion. Tissues bordering the anterior chamber are
bathed in aqueous humor, which contains high con-
centrations of transforming growth factor-/? (TGF-
P).4'2 Among the myriad of effects of this cytokine, is
the capacity to antagonize interferon-y—induced
upregulation of la and reduction of constitutive la
expression in a range of cell types, including macro-
phages, microglia, and epithelial3"45 In addition to
TGF-/3, aqueous humor contains high concentrations
of free glucocorticoids46 and vasoactive intestinal poly-
peptide,47 both of which are capable of limiting MHC
class II expression48^51 and may delay the development
of la expression by iris DCs.

It is feasible that OX62+-Ia" cells selectively accu-
mulate within the iris vessels as a marginated pool of
cells, or within the iris tissue itself, where their further
development is delayed or inhibited by the intraocular
microenvironment. Whether OX62+-Ia~ cells serve
only as a pool of DC precursors or possess a unique
functional significance is at present unclear and war-
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rants further investigation. The results of the current
study have provided a detailed account of the develop-
ment of Ia+ DCs in the iris of the rat and have ex-
tended the observations of McMenamin and Holt-
house.14 In doing so, the current findings have pro-
vided in vivo evidence of an OX62+-Ia~ cell that is
the likely proximate precursor of Ia+ DCs in the iris,
and possibly in other tissues. The results also demon-
strate that rat iris DCs exhibit a pattern of develop-
ment of la expression that is delayed compared with
development in other tissue sites, suggesting the envi-
ronment within the AC may exert a unique regulatory
influence over iris DCs.
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