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Abstract : CD44 is a transmembrane protein that acts as a receptor for an adhesion molecule, hyaluronic acid.

The type of cells expressing CD44 and roles of CD44 are still controversial and need to be elucidated. The aim

of the present study was to examine the type of cells expressing CD44 and the changes in their distribution in the

retina and the cerebellum of the developing and adult chicken. Embryonic day 14 (E14) and post-hatch day 90

(P90) chickens were used in this study. CD44-immunoreactive (ir) cells were observed both in the retina and the

cerebellum of the two developmental stages examined. In the retina of E14, CD44-ir cells were mainly located in

the nerve fiber layer. In adults, most of the CD44-ir cells were in the nerve fiber layer and some were dispersed

in other layers of the retina. In the cerebellum of E14, CD44-ir cells were distributed throughout the cerebellar

cortex, including the external and internal granular layers. CD44-ir cells were more frequently found in the

cerebellum of P90 adult chickens than in that of E14 embryos. At higher magnification, CD44-ir cells showed

ramified cytoplasmic processes irradiating from their cell bodies. In the retina and in the cerebellum of all ages

examined, double staining showed that most of the CD44-ir cells also expressed RCA-1, a marker of microglia. In

contrast to that, at the same locations, GFAP and CD44 were not co-expressed in cells. When the adult retina was

stimulated by LPS, CD44 immunoreactivity increased, and CD44-ir cells were also RCA-1-positive. The present

results indicated that CD44 was expressed in microglia of the retina and the cerebellum of the developing and

adult chicken even in normal conditions, and microglial CD44 expression was increased upon LPS stimulation.
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Introduction

CD44 is a transmembrane glycoprotein which acts as
a receptor for adhesion molecule and as a cell surface
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receptor for hyaluronic acid [1,2]. The hyaluronan is pro-
duced by reactive astrocytes, microglia and oligodendro-
cytes both accumulate in the extracellular matrix of the
damaged central nervous system (CNS) [3]. CD44 was
expressed early from 5 somite stage in chick embryo, which
was found in neural crest cells and later at 18 to 20 som-
ite stages CD44 was expressed in some hematopoietic
cells [4], which suggested CD44 might be required for
the migration of cells and for the interaction with appro-
priate extracellular environment [4]. CD44 was firstly
used as an early marker for astrocytic differentiation in
chicken spinal cord during development [5]. CD44 was
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localized in astrocyte lineage cells in developing CNS of
the chick embryo [4], and developing CNS of the rat and
mouse [6,7]. In the development of murine cerebellum,
hyaluronic acid, a ligand for CD44 was suggested a role
in astrocyte differentiation [8]. Besides the CNS, CD44
expression was also reported in the retina. In mature mice
retina, CD44 expressed on Miiller glial cells [9]. In devel-
oping retina of the mice, CD44 was not detected at E15,
transiently expressed in cells at around P1 day which will
differentiate into Miiller glial cells, and after P15 day it
was increased to adult level [9].

On the other hand, CD44 expression in microglia has
been also reported. Several studies have showed that up-
regulation of CD44 expression after brain injury such as
ischemia [10,11] and brain traumas [12]. In inflammatory
conditions CD44 have been suggested to play a role in
endothelial cell recognition, migration of inflammatory
cells, cell-matrix interactions, and regulation of cytokine
expression [11,13]. After ischemic brain injury of the rat,
CD44 was induced in microglia and a subset of mac-
rophage while basal expression of CD44 was localized
primarily in the area of microvessel [10]. In a study using
SODI1G93A mice [13], CD44 was expressed in most ac-
tivated astrocytes and in a portion of activated microglia
during ALS progression whereas CD44 was hardly de-
tected in wild type mice. When primary cultured microg-
lia from WT mice were exposed to LPS and IFN-gamma,
CD44 was induced in microglia, whereas cultured astro-
cytes from WT mice produced CD44 even without stim-
ulation, but they produced more CD44 with stimulation
[13]. These suggest that interaction between CD44 and its
ligand promotes glial cell migration and their accumula-
tion in lesion sites. Increased CD44 induced by a-synu-
clein made microglial cells to migrate into the substantia
nigra of Parkinson mice model [14]. Increased microglial
migration in relation to the CD44 was also reported in
mice microglial cell culture [14]. CD44 expression in
nonmyelinating Schwann cells has been suggested in re-
lation to the neurodegeneration-induced glial plasticity in
rat model [15].

In the present study, we examined the distribution of
CD44 and the type of cells that express it, in the retina
and cerebellum of developing and adult chicken. The use
of the retina for this study has several advantages, includ-
ing the fact that the spectrum of glial cells in the retina
is similar to that in the CNS and the retina consists of

clearly defined layers. Among brain regions, the cerebel-
lum has been reported as a preferred site for bone-marrow
derived microglia [16,17]. We observed that CD44 was
expressed in microglia and its expression increased upon
LPS stimulation.

Materials and Methods

1. Experimental animals

We used embryonic day 14 (E14) embryos (n=3) and
post-hatch day 90 (P90) chickens (n=3). Fertilized eggs
(Pulmuwon, Seoul, Korea) were incubated at 38°C in a hu-
mid atmosphere until they reached the appropriate embry-
onic stage according to Hamburger and Hamilton method
[18].

2. Tissue preparation

Eyes were quickly obtained from decapitated adult
chickens and chick embryos, and the cornea, lens, and
vitreous body were sequentially removed. Cerebellums
were obtained from adult chickens. Tissue was fixed in
4% paraformaldehyde (PFA) for 3~6 hours. The tissue
was cryoprotected by 20% sucrose infiltration, embedded
in OCT compound, and frozen rapidly. Tissue section
were cut into 10~20 um horizontal sections on a cryostat
(CM30508, Leica, Wetzlar, Germany).

3. Immunofluorescence

Tissue were incubated in 1% normal goat serum in PBS
for 30 minutes for blocking of nonspecific staining. The
tissue were incubated overnight at 4°C with a monoclonal
CD44 (1D10, 1:5, Developmental Study of Hybridoma
Bank, Towa, USA), RCA-I (Ricinus communis agglutinin-1,
1:5000, Vector Laboratories, CA, USA), GFAP (1 : 100,
Biogenex, CA, USA). Secondary antibodies were used
with biotinylated goat anti-m IgG (1:500, Jackson Immu-
noResarch Laboratories, West Grove, USA), Cy2-labeled
streptavidin (1 : 1000, Jackson ImmunoResarch Labora-
tories, West Grove, USA), Cy3-labeled anti-mouse 1gG
(1:500, Jackson ImmunoResarch Laboratories, West
Grove, USA) and they were incubated for 2 hours at room
temperature. In contrast to staining of cell nuclei stained
with 0.05% 4',6-diamidino-2-phenylindole (DAPI, Sig-
ma, Saint Louis, USA) for 3 minutes. Between each step,
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Fig. 1. CD44 expression in the retina (A-C, G-1) and cerebellum (D-F, J-L) of E14 chick embryo and adult chicken. Cresyl violet staining
shows layers of the retina (A, G) and cerebellum (D, J). Images in small boxes of B, E, H, and K are magnified to C, F, I, and L, respective-
ly. At E14 day, CD44-ir cells in the retina are mainly located in the nerve fiber layer (B). At P90 CD44-ir cells are also observed mainly in
the nerve fiber layer (H). In the cerebellum, CD44-ir cells are distributed throughout the cerebellar cortex of E14 embryo (E) and P90 adult
(K). CD44-ir cells show ramified cytoplasmic processes from their cell bodies in higher magnified images (C, F, I, L). nf, nerve fiber layer;
gc, ganglion cell layer; ip, inner plexiform layer; in, inner nuclear layer; eg, external granular layer; ig, internal granular layer; m, molecular
layer; g, granule cell layer. Bars represent 100 um (A, B, D, E, G, H,J,K) and 30 um (C, F, I, L).

tissues were washed with PBS three times for 5 minutes
and stained cells were observed under a multipurpose
microscope with an epifluorescence attachment (DMLB,
Leica, Wetzlar, Germany). Lectin RCA-1 has been used
as a marker of microglia in normal human nervous tissues
[19] and developing and adult avian retina [20].

4. Lipopolysaccaride (LPS) injection

Three uL of LPS solution (2 ug/uL, Sigma, Saint Louis,
USA) was injected into adult chicken eyeball. After 24
hours of LPS injection we took eyes with the same man-
ner of tissue preparation described above including fixa-
tion in 4% PFA.
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Fig. 2. Double immunofluorescent staining for CD44 and RCA-1 in the retina (A, C) and cerebellum (B, D) of E14 chick embryo and adult
chicken. All merged images (A3, B3, C3, D3) represent that CD44-ir cells are colocalized with RCA-1-immunoreactivity, a marker of mi-
croglia. nf, nerve fiber layer; gc, ganglion cell layer; ip, inner plexiform layer. Bar indicates 50 pm.

Results

1. Distribution of CD44 expressing cells in the retina
and cerebellum of chick embryo (E14) and adult
chicken (P90)

Even at embryonic stage (E14), CD44-immunoreactive
(ir) cells were observed in both, the retina and the cer-
ebellum (Fig. 1A-F). In E14 embryonic retina, CD44-ir
cells were mainly located in the nerve fiber layer (Fig. 1B,

C). In E14 embryonic cerebellum, CD44-ir cells were dis-
tributed throughout the cerebellar cortex including the ex-
ternal and internal granular layer (Fig. 1D-F). In P90 adult
chicken retina, most of CD44-ir cells were also found
mainly in the nerve fiber layer (Fig. 1H) and some cells
were dispersed through other layers. In the cerebellum at
this age, CD44-ir cells were distributed in overall layers
of the cerebellar cortex including the molecular, Purkinje
cell, and granular layers (Fig. 1K). At higher magnified
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Fig. 3. Double immunofluorescent staining for CD44 and GFAP in the retina (A, C) and cerebellum (B, D) of E14 chick embryo and adult
chicken. GFAP-immunoreactiviry is observed only in adult cerebellum (D2), not in E14 (A2) and P90 retina (C2), and E14 embryonic cer-
ebellum (B2). All merged images (A3, B3, C3, D3) represent that CD44-ir cells are not labeled with GFAP, a marker of astrocytes. (A) E14
embryonic retina, (B) E14 embryonic cerebellum, (C) P90 adult retina, (D) P90 adult cerebellum. nf, nerve fiber layer; gc, ganglion cell lay-

er; ip, inner plexiform layer. Bar indicates 50 um for all figures.

images morphological features of CD44-ir cells showed
ramified cytoplasmic processes from their cell bodies (Fig.
IC,FE, I,L).

2. Type of cells expressing CD44 in the retina and the
cerebellum

As indicated by double immunofluorescent staining for
CD44 and RCA-1, a marker of microglia, almost all the

CD44-ir cells were also immunoreactive to RCA-1, both
in the retina and cerebellum at E14 and P90 (Fig. 2). In the
retina from E14 embryos, CD44-ir cells were observed
mainly in nerve fiber layer (Fig. 2A1), which also showed
RCA-1-immunoreactivity (Fig. 2A2, A3). Similarly, most
of the CD44-ir cells in the cerebellum from E14 embryos
(Fig. 2B1) were also RCA-1-immunoreactivity (Fig. 2B2,
B3). The co-localization of CD44 and RCA-1 was also
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Fig. 4. CD44 expression in P90 adult chicken retina after LPS stimulation and double immunofluorescent staining for RCA-1 and GFAP,
respectively. At 24 hours after LPS injection, CD44 is overexpressed and its immunoreactivity is observed mainly in the nerve fiber lay-
er of the retina (A1, B1). CD44-immunoreactivity is colocalized with RCA-1 (A3) but not with GFAP (B3). Despite of LPS stimulation,
GFAP-immunoreactivity is not observed (B2). These results represent that CD44 is expressed both in resting and activated microglia of

adult retina. Bar indicates 50 um for all figures.

found in cells from the retina (Fig. 2C1-C3) and the cere-
bellum (Fig. 2D1-D3) of P90 adult chicken. These results
indicate that almost all CD44-ir cells in the developing
and adult chicken retina and cerebellum also express
RCA-1, a marker of microglia.

On the other hand, double immunofluorescent stain-
ing for GFAP and CD44 did not show co-localization of
these two proteins either in the retina and the cerebellum of
E14 and P90 (Fig. 3). GFAP, a marker of astrocytes was
not detected in the chick embryonic (Fig. 3A2) and adult
chicken retina (Fig. 3C2). Thus, CD44-ir cells in the retina
did not show any GFAP-immunoreactivity (Fig. 3A3, C3)
with double immunofluorescent staining. To understand
which cell types expressed CD44, LPS was injected in the
eyeball of P90 adult chicken: the retina was subsequently
examined. After LPS stimulation, the number of CD44-
ir cells did not seem to be increased. Rather, the intensity
of CD44-immunoreactivity was increased in cells of the
nerve fiber layer of P90 adult chicken retina (Fig. 4A1, B1).
These CD44-ir cells also showed RCA-1 immunoreactiv-
ity (Fig. 4A2, A3). Even after LPS stimulation, GFAP-im-
munoreactivity was not detected (Fig. 4B2) and thus,

co-localization of CD44 and GFAP was not observed (Fig.
4B3).

Discussion

The present study showed that CD44 is expressed in the
developing and adult chicken retina and cerebellum. The
CD44-ir cells in these tissues are microglia, not astrocytes.

Many other studies have reported the CD44 expression
in microglia; canine retinal microglia in normal condition
[21], microglia after ischemic brain injury of the rat[10,11],
and microglia in Parkinson mice model by treatment with
a-synuclein [14]. However, some studies have showed
CD44 expression in astrocytes during development and
adult; astrocyte precursor cells in developing chick [4,5],
mice and rat [6,7,22], Miiller glial cells in mice retina [9].
In some human disease, CD44 expression was reported in
astrocyte-restricted precursor cells or reactive astrocytes
[3,23]. On the other hand, CD44 expression both in the
microglia and astrocytes has been also reported [13]. The
discrepancy between the results obtained here and those



in previous studies regarding the type of cells expressing
CD44 might be related to the presence of many isoforms
of the CD44 protein. In a review of Ponta et al. [24], CD44
pre-mRNA is encoded by 20 exons, 10 of which can be
regulated by alternative splicing. This alternative splicing
is regulated by tissue-specific factors [24]. CD44 antibod-
ies used in previous studies might have been generated
against different epitopes of different CD44 isoforms. The
monoclonal antibody for CD44 used in the present study
was developed by the Developmental Studies Hybridoma
Bank of University of Iowa. According to the data sheet
provided by the Institute, immunogen substance is proteo-
glycans from chick embryo and it labels macrophages in
chick and quail of optic nerve. One of the possible ex-
planations of the finding that CD44 is observed to be re-
stricted to microglia might be due to the use, in this study,
of a monoclonal antibody which is probably specific for
microglial CD44.

Transmembrane hyaluronan receptor CD44 has been
suggested to regulate cellular response to hyaluronan and
assembly of hyaluronan-rich extracellular matrix [25]. Fur-
ther, the degradation of hyaluronan begins when high-
molecular weight hyaluronan molecule bind to the trans-
membrane receptor, CD44, before internalization and ly-
sosomal degradation [3]. Within the cytoplasm, the cyto-
plasmic domain of CD44 interacts with actin cytoskeleton
by which CD44 can influence cell signaling [2], by which
CD44 participates in many cellular processes including
cell migration, survival, and differentiation [2].

During development of the mouse, CD44 expressed
in chiasmatic neurons was suggested to play a role in mid-
line crossing of retinal axons in optic chiasm [26]. In the
retina, most of CD44-ir cells were observed in nerve
fiber layer, a layer forming the optic nerve. Although the
CD44-ir cells were microglia, not neurons in our study
using chick, the results obtained here might implicate that
CD44 could influence the behavior of retinal axons in
the nerve fiber layer during development and in its adult
stage. When the retina was stimulated with LPS, CD44
immunoreactivity increased in the microglia, but not in
astrocytes in the present study. The possible reason for the
absence of GFAP expression, even upon LPS stimulation
may be related to the fact that in avians, unlike in mam-
mals, most of the retina does not contain definite astrocytes,
with the exception of the vascularized optic nerve head
region [27,28]. The results of this study support these pre-
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vious avian-specific retinal findings.

Regarding the cerebellum, CD44-ir microglia was not
concentrated to one specific layer. Rather, CD44-ir cells
were scattered throughout the whole cerebellar cortex. In
addition, the CD44-ir microglial cells were more frequent-
ly observed in adult chicken cerebellum than in the E14
embryonic stage. These findings are different from other
studies reporting changes in CD44 expression patterns
through life span including from glial progenitor cells in
the developing stage to mature cells in the adult stage; in
the mouse cerebellum, CD44 was expressed in develop-
ing astrocyte precursor cells but not in the mature astro-
cyte [7]. Additionally, in the study of Naruse [22], CD44
in the mouse cerebellum of embryonic period was widely
expressed in astrocyte precursor cells, neural stem cells,
and oligodendrocyte precursor cells, however, over the
course of development, CD44 became restricted to gran-
ule neurons in the adult. Although in the present study we
did not perform any double staining of CD44 and markers
of neurons or oligodendrocytes, the CD44-ir cells in the
retina were morphologically different from neurons or
oligodendrocytes, based on our previous findings [20].
Oligodendrocytes exhibit small round cytoplasm located
in the nerve fiber layer, while neurons present relatively
large cell bodies located in the ganglion cell layer of the
retina [20].

There are no reports about CD44 expressing microglia
in the developing retina or cerebellum. Unlike astrocytes,
microglia are of hematopoietic origin. Hematopoietic cells
were also previously reported to express CD44 [4]. The
appearance of microglia in the CNS during the develop-
ment and the adult life is the cause of great controversies.
Recent study using rat showed that in early embryonic
day, microglia/macrophage cells were located in ventri-
cles, thereafter until neonate, cells were dispersed in brain
matrix [29]. From young adult microglia/macrophage
were found mostly in capillaries and vascular margines in
the CNS parenchyme [29]. Greter and Merad [30] suggest-
ed that bone marrow-derived myeloid cells were constant-
ly recruited to the brain in the steady state. Interestingly,
these bone marrow derived microglia show brain regional
preference; they are detected in the olfactory bulb, cere-
bellum, and hippocampus rather than the cerebral cortex
[16]. In injured brain, bone marrow derived cells were
found only in the cerebellum and in injury sites [17].

The surface molecules of microglia can be rapidly upreg-
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ulated in response to inflammatory stimuli, e.g., IFN-gam-
ma or LPS [30]. In the present study, CD44 expression
was increased by LPS stimulation. Microglia is generally
known to participate in immunological function as an
antigen presenting cells and subsequent responses in the
CNS. Thus, increased expression of CD44 in activated
microglia could play a certain role in immunological res-
ponses in the CNS. In relation to immunologic roles, the
CD44 was suggested to have role in monocyte and/or
lymphocyte adhesion and subsequent migration into the
brain across the blood-brain barrier [20]. In experimental
autoimmune uveitis mice model, macrophage migration
inhibitory factor (MIF), an inflammatory cytokine was
increased with simultaneous increase of CD44 [31]. One
of the immune regulator MIF signal transduction pathway
is mediated by CD44, a transmembrane receptor in both
normal physiological conditions and uveitis [31]. Several
studies implicated that CD44 might mediate signal trans-
duction necessary for endocytosis of bacteria, which lead
to events of linking between CD44 and actin cytoskeleton
[20]. The microglia monitor microenvironmal changes
even in the resting state. They are capable of morphologi-
cal and functional rapid adaptation to dynamic microenvi-
ronmental conditions [32]. The microglial transmembrane
protein CD44, a receptor for an adhesion molecule, seems
to be an essential component for these general microgli-
al functions. In summary, the present study showed that
CD44 is expressed in the retina and the cerebellum of the
developing and adult chicken. The CD44-ir cells are mi-
croglia. Microglia activated by LPS stimulation showed
increased expression of CD44. Those results suggested
that, in microglia, the transmembrane protein CD44 may
play important roles in development, in inflammatory
condition, and even in the normal resting state of the ret-
ina and the CNS. The specific functions of the microglial
CD44 need to be clarified by further studies.
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