












Tissue macrophages are one of the earliest phagocytes to
respond to infection [14,20]. In the present study, the finding
that the TLR4+ tissue macrophages are located in the stroma
and perivascular locations within the iris suggests that such
cells are optimally positioned to assess and to respond to LPS
of invasive organisms that have breached the blood–ocular
barrier. Activation of TLR4 on macrophages by LPS results
in the activation of the transcriptional factor, nuclear factor-
κB (NF-κB), via an immunostimulatory intracellular
signaling pathway. Consequently, the induction of various
proinflammatory cytokines, chemokines, and antimicrobial
activities [29] initiates a rapid inflammatory response
characterized by the recruitment of leukocytes to the site of
infection to eliminate the invading pathogen.

TLR4 expressed on professional antigen presenting cells
(APCs) such as macrophages and DCs are a critical link
between the innate and adaptive immunity. Chang et al. [22]
reported a network of TLR4+ APCs, mostly HLA-DR+ DCs,

in the normal human iris root and the ciliary body. De Kozak
and colleagues [24] discovered TLR4 expression in ED1-
positive cells (macrophages and dendritic cells) in the iris
stroma of EIU. TLR-mediated activation of DCs induces DC
maturation with the production of pro-inflammatory
cytokines and upregulation of costimulatory and major
histocompatibility complex (MHC) molecules to enhance the
antigen presenting capacity of DCs [30,31]. Thus, TLR
stimulation of APCs leads to the activation and priming of
antigen-specific, naive T cells, triggering the adaptive arm of
the immune response. Activation of TLR4 in DCs induces
production of IL-12, thereby skewing the differentiation
toward the T helper cell 1(Th1) type [6,30,31]. Thus, TLRs
are important in both triggering and modulating the activation
of the adaptive immune response [30,32]. There are various
potential mechanisms of Gram-negative bacteria and TLR4
involvement in the pathogenesis of AAU. First, LPS-mediated
activation of TLR4 may be one of the earliest initiating factors

Figure 5. CD163+ cells displayed
different morphologies at different
layers in the iris 48 h after LPS injection.
This figure shows different stromal
layers from the epithelial to endothelial
(from A to F) in the same field.
Dendritiform cells are located in the
stroma adjacent to the epithelial layer
(A) while round-pleiomorphic cells are
adjacent to the endothelial layer (F). The
cells that arrows and arrowheads point
to represent the same cells, respectively.
Original magnification: A–F 400X.
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in the development of AAU [2]. Inappropriate TLR4-
mediated activation of the innate and adaptive immune
responses within the uvea by LPS may be a major contributing
factor in the initiating mechanisms of AAU. TLR4-mediated
activation of resident uveal APCs may initiate the breakdown
of the ocular immune privilege, resulting in the induction of
an autoimmune response [22]. Second, products of tissue
inflammation as endogenous ligands for TLR4 may contribute
to the perpetuation of uveitis. Intriguingly, such endogenous
ligands, including fibronectin, heat shock proteins (HSPs),
hyaluronic acid, and host-derived RNA, are released upon
tissue damage and cell stress, events that are likely to occur
during inflammatory conditions [33]. The activation of cells
by endogenous components from distressed or injured cells
supports the so-called “Danger Model” proposed by
Matzinger [34]. This theory suggests that the immune system
is more concerned with damage than with foreignness and is
activated by alarm signals from injured tissues rather than by
the recognition of non-self. This may be a mechanism for the
perpetuation of uveitis and the progression to chronic
inflammation because the products of tissue inflammation
further stimulate the immune cells that have infiltrated the eye
via TLR4. In addition, the heightened ability to respond to
LPS in inactive anterior uveitis patients may predispose these
individuals to the development of ocular inflammation by
LPS-mediated TLR4 activation. Endotoxin tolerance is a
transient state [2]. Huhtinen et al. reported that patients with
a history of AAU but not with active uveitis have higher
functional responsiveness to LPS. The heightened ability to
respond to LPS was significant in the presence of a low
concentration of LPS (10 ng/ml). At such low concentrations,
monocyte activation is mediated specifically via a high-
affinity LPS receptor complex, TLR4, myeloid
differentiation-2 (MD-2), and cluster of differentiation 14
(CD14). Huhtinen et al. [35] also reported that patients with
previous anterior uveitis had smoldering systemic
inflammation, which was promoted by innate immunity
mechanisms and not by chronic T cell activation.

Here, we report that the normal Wistar rat iris does not
express TLR4 whereas Chang et al. [22] had detected TLR4+

APCs in the normal human uvea. We found that the TLR4+

cells in the Wistar rats were predominantly round-ovoid cells,
which was different from the dendritiform positive cells in the
normal human iris. This may be due to species differences.
The TLR4+ cells in two rats 6 h after injection were weakly
positive and pleiomorphic, and it is also possible that TLR4
is expressed in the normal rat uvea at low or undetectable
constitutive levels. Upregulation of TLR4 from their
undetectable constitutive levels in normal rats may occur in
response to LPS injection. The pleiomorphic cells in rats 6 h
after injection had a range of dendritiform and round
appearance, implying that the morphologic changes of
TLR4+ cells occur during EIU. More study on rats between 6
and 12 h after LPS injection are required to confirm this

finding. De Kozak [24] previously reported the expression of
TLR4 in the iris epithelium of Lewis rats using cryostat
sections. We did not detect TLR4 in the iris epithelium of
Wistar rats using iris whole mounts. The different findings
may be due to differences between Lewis and Wistar rats or
because of the different staining methods used. We used iris
whole mount immunohistochemical methods in the present
study. The advantages of this approach are the more rapid
tissue preparation time, visualization of the morphology of
entire cells and cell networks, and the increased sampling of
tissue. However, the observation of the iris epithelium
cytomembrane in whole mounts is less clear than in sections.

Macrophages have various functions and play a critical
role in host defense. However, macrophages are
heterogeneous and exhibit a wide range of phenotypes with
regard to their morphology, cell surface antigen expression,
and function [36]. Rat CD163 (rat ED2 antigen) is a marker
for most mature tissue macrophages but is not expressed in rat
monocytes [20]. McMenamin [21] previously reported the
kinetics of ED2+ tissue macrophages in the iris during EIU
and demonstrated that the number of cells with round-
pleiomorphic appearance increased over a period of 24 h after
injection, which was concurrent with the decrease in the
proportion of dendritiform ED2+ cells. We extended these
findings and confirmed in the current study that the cells with
shape alterations were only located in the stroma bordering
the iris endothelial layer. The layer of tissue macrophages
bordering the iris epithelium was not affected by LPS. Yang
et al. [37,38] have previously reported that LPS injection
induces early adherence of monocytes to rat retinal blood
vessels, which was followed by a massive influx of
macrophages into the retina. They also detected that ED2+

cells showed a variety of morphologic appearances after LPS
injection, including large round cells, pleiomorphic cells, and
dendritiform cells. Therefore, these round-pleiomorphic
positive cells in the present study were probably recently
matured tissue macrophages, which originated from blood
monocytes. Whether these different morphologic cells have
different roles in the onset and development of EIU is not yet
known. A large number of round TLR4– tissue macrophages
were observed in this study. Whether the TLR4– tissue
macrophages and the TLR4+ tissue macrophages have
different functions was not investigated in the present study.
Further studies to examine the phenotype and function of the
macrophages are therefore necessary. The present study
showed a higher proportion of the round-pleiomorphic cells
after LPS injection than in a previous report [21]. This may
be due to the higher dose of LPS injection (200 μg of LPS per
rat) than that used in the previous study (100 μg of LPS per
rat).

In summary, the results of the present study revealed the
expression of TLR4 and CD163 in the uvea during EIU. The
preferential expression of TLR4 on tissue macrophages within
the iris and ciliary body suggests a novel mechanism for the
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initiating factors and immunopathogenesis of uveitis,
particularly HLA-B27-associated AAU. Further studies,
including functional studies, are required to identify the roles
of these receptors in the context of uveitis.
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