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Microglia are resident immune cells of brain and activated by peripheral tissue injury. In the present
study, we investigated the possible induction of several microglial surface immunomolecules in the
spinal cord, including leukocyte common antigen (LCA/CD45), MHC class I antigen, MHC class II anti-
gen, Fc receptor, and CD11c following formalin injection into the rat’s hind paw. CD45 and MHC class
I were upregulated in the activated microglia, which was evident on day 3 with the peak expression
Microglia on day 7 following peripheral formalin injection. There was a very low basal expression of MHC class
Formalin II, CD11c, and the Fc receptor, which did not change after the formalin injection. These results, for
CD45 the first time, indicate that peripheral formalin injection can induce phenotypic changes of microglia
with distinct upregulation of CD45 and MHC class I antigen. The data suggest that phenotypic changes
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MHC class of the activated microglia may be a unique pattern of central changes following peripheral tissue
MHC class II injury.
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There is increasing evidence that activated glia (microglia and
astrocytes) in the spinal cord are key players in the induction
and maintenance of pathological pain [18,22,31,32]. Interestingly,
although microglial activation usually occurs in parallel with
astrocyte activation, microglia demonstrate more complicated fea-
tures of activation than astrocytes. For example, peripheral nerve
injury induced spinal cord microglial proliferation on the ipsilat-
eral side, beginning at day 1 and peaking on day 3 after injury.
Astrocyte proliferation was rare, or nonexistent [5]. Moreover,
microglial activation was often accompanied by a series of sterotyp-
ical morphological changes, evident at 2-3 days after peripheral
tissue injury [3,10,12,13,15,20,23]. However, such microglial mor-
phological changes were not induced by CFA (Complete Freund’s
Adjuvant)-induced inflammation [2,15,20,33]. Microglial cells are
generally considered immune cells (central macrophages) of the
CNS. In the normal brain, microglia display a ramified morphol-
ogy with a relatively small cell body and weakly expressing
molecules normally expressed by other haematopoietic lineages,
such as CD45, MHC class II antigens, CD11¢, CD40 and CD86 co-
stimulatory molecules [11,25]. Microglial cells respond to central
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and peripheral tissue injury (microglial activation) and activated
cells display these very same molecules that are either signifi-
cantly upregulated or changed in their morphology [21,27]. The
induced expression of the aforementioned immunomolecules in
microglia has been observed in a variety of experimental situ-
ations, including peripheral nerve injury [16,19,29], brain injury
[4,6,24] and an animal model of multiple sclerosis [27]. The cell
phenotypes and morphological changes may be regular and joint
characteristics for microglial activation. The changes seem to occur
in a progressive manner, reflecting different stages of activated
microglia.

We previously reported robust microglial activation with mor-
phological changes in the spinal cord dorsal horn on the side
ipsilateral to the formalin injection into the rat’s hind paw, start-
ing on day 1-3 and peaking on day 7 post-injection [10,20].
However, microglia have been reported to be activated rapidly in
carrageenan- and formalin-induced pain models without any mor-
phological change [17,30]. It appears that even when microglia have
a resting morphology, they are functionally active [17,26], which
suggests that microglial activation in animal pain models may have
different stages, with and without morphological and cell pheno-
typic changes, and may also have different functions in nociceptive
modulation within the spinal cord.

In the present study, we activated microglia with peripheral
formalin injection into the rat’s hindpaw, and used immunolabel-
ing to measure immunomolecules on microglia in the spinal cord.
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The measured immunomolecules were CD45, MHC class I antigen,
MHC class II antigen, Fc receptor, CD11c, and as well as CD11b.
The results show that peripheral tissue injury induced microglia
to acquire phenotypic changes, including the upregulated expres-
sion of CD45 and MHC class I antigen, along with morphological
changes.

Adult male Sprague-Dawley rats weighing 200-225 gm (Charles
River Laboratories, Wilmington, MA) were used. The animal room
was artificially lighted from 7:00 a.m. until 7:00 p.m. The experi-
mental protocol was approved by our Institutional Animal Care and
Use Committee. Experimental rats received subcutaneous injec-
tions of 100wl 5% formalin (diluted in saline) into the plantar
surface of the right hind paw. Rats in the control group were injected
with 100 wl 0.9% saline instead of formalin, and 4 rats served as nor-
mal controls and received no treatment. Survival times were 2 h, 1
day, 3 days, 1 week, 2 weeks and 4 weeks post-injections, with 4-5
animals per group.

To obtain the spinal cord tissues, animals were anesthetized
with an overdose of pentobarbital sodium and euthanized by tran-
scardiac perfusion (250 ml body temperature 0.1M PBS pH 7.4
followed by 200-300 ml ice-cold 4% paraformaldehyde/4% sucrose
in 0.1M PB pH 7.4). After perfusion, the lumbar spinal cords
(L3-5) and a piece of spleen tissue (see below) were removed,
postfixed in the same 4% paraformaldehyde fixative for 4h and
then placed in 30% sucrose solution (in 0.1 M PB) overnight at
4°C. Thirty micron thick tissue sections were cut transversely
on a cryostat and free-floating immunohistochemical staining for
0X-42 (monoclonal mouse anti-rat CD11b, 1:200, Serotec, UK),
CD45 (mouse anti-rat CD45 monoclonal antibody, MRC 0OX-1, 1:20,
Serotec), CD11c (mouse anti-rat CD11c, clone 8A2, 1:20, Serotec),
MHC class I antigen (mouse anti-rat MHC class I RT1A, MRC OX-
18, 1:2000, Serotec), MHC class II antigen (mouse anti-rat MHC
class I RT1B, MRC OX-6, 1:20, Serotec), and Fc receptor (Fc Recep-
tor gamma II rabbit monoclonal antibody, CD32, 1:200, Epitomics
Inc., CA). All of the sections were blocked with 5% normal goat
serum in 0.3% Triton X-100 for 1h at room temperature (RT)
and incubated over two nights at 4°C with primary antibody.
The sections were then incubated for 90 min at RT with a cor-
responding FITC-conjugated secondary antibody (rat adsorbed,
1:200, Serotec).

In our experiments, replacement of primary antibody by mouse
IgG2a, or PBS resulted in no staining, and spleen tissues were pos-
itively stained with all above primary antibodies.

For double immunofluorescence, spinal sections were incubated
with a mixture of CD45 or MHC class I monoclonal antibody and
rabbit anti-Iba1l (microglia marker, 1:2000, Wako), rabbit anti-GFAP
(astrocyte marker, 1:1000, Chemicon), rabbit anti-neuron specific
enolase (NSE, neuronal marker, 1:1000, Chemicon) over two nights
at 4°C, followed by a mixture of FITC- and Cy3-conjugated sec-
ondary antibodies for 90 min at RT. The single- or double-stained
images were captured with a CCD spot camera and processed using
Adobe Photoshop.

To quantitatively analyze the time course of CD45 and MHC
class I immunoreactivity, we measured the immunofluorescence
intensity as an average percentage of positively stained area, rel-
ative to the total outlined interest area [10,20]. The ratio of the
injected side to the contralateral side was determined for each
animal. Differences in changes of values over time of each group
were tested using one-way ANOVA, followed by Bonferroni post
hoc analysis.

In both saline-injected (sham injection) and non-treated (naive)
control animals, ramified microglia with OX-42 immunoreactiv-
ity were homogeneously distributed throughout the spinal cord
gray and white matter and did not express observable CD45
and MHC class 1. After peripheral formalin injection, CD45 and

0X-42

Fig. 1. The distribution of microglial cells stained by 0X-42, MHC class | or CD45
in the lumbar spinal cord on day 7 following peripheral formalin injection. 0X-42-
positive cells distributed throughout the spinal cord and were significantly increased
in the medial portion of the ipsilateral side of the dorsal horn (A). MHC class I and
CD45 molecules only expressed in the ipsilateral side of the dorsal horn (B and C),
the distribution of these positive cells corresponded to that of the increased 0X-42
staining of activated microglia. Scale bar, 500 wm.

MHC class I immunomolecules were induced on the ipsilateral
side of the lumbar spinal dorsal horn. The distribution of these
immunoreactive cells corresponded to that of the increased OX-
42 staining of activated microglia (Fig. 1). Both CD45 and MHC
class I expression became evident on day 3, peaked on day 7,
and significantly declined on day 14 after the formalin injection
(Figs. 2-4). MHC class I expression appeared to be induced ear-
lier than CD45 in that a few faint stained positive cells with
MHC class I could be found on day 1 after the formalin injection
(Fig. 3). MHC class I was also more strongly expressed than CD45
(Fig. 4).

To identify the cell types, we performed double immunostaining
with several cell-specific markers: NSE (neurons), GFAP (astro-
cytes),and Ibal (microglia). CD45 and MHC class 1 did not colocalize
with either NSE or GFAP, but completely colocalized with Ibal
(Fig. 5). The double stained microglia demonstrated morphological
activation (Fig. 5).

There was a very low basal expression of MHC class II, CD11c,
and the Fc receptor. This expression did not change following the
formalin injection.

In the present study, we reported that the activated microglia
increased expression of CD45 and MHC class I antigen. These anti-
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Fig. 2. Time-course of CD45 expression in the ipsilateral side of the spinal cord following peripheral formalin injection. CD45 was not expressed at 2h (A) and 1 day after
the formalin injection (B); the CD45 expression was evident on day 3 (C) with the peak expression on day 7 (D). Scale bar, 200 pm.

gens were not expressed in the ramified microglia in the spinal cord
from normal rats and did not increase within 1 day following the
peripheral formalin injection.

Microglia can be rapidly activated without morphological
changes following peripheral inflammation induced by car-
rageenan as indicated by the increased expression of p38 MAP
kinase in the spinal microglia [17]. The increases in p38 MAP
kinase were blocked by intrathecal administration of minocycline
(a functional microglia inhibitor), which also blocked hyperalge-
sia [17]. Other reports found that peripheral formalin injection
could also rapidly increase phosphorylation of p38 in microglia
within minutes after the formalin injection before morphologi-
cal changes, and pretreatment with p38 MAPK inhibitors could
suppress formalin-induced paw flinching behaviors and spinal neu-
ronal c-fos expression [30]. This activation of p38 MAP kinase in
microglia within minutes contrasts with the increase in CD45,
MHC class I, and morphological changes which take more than
24h.

Microglial activation has been demonstrated in almost all pain
models using OX-42 immunohistochemical marker, which stained
both resting and activated microglia. In the present study, the
upregulation of both CD45 and MHC class [ antigen in microglia
was found, beginning at 1-3 days after the formalin injection, and
peaking on day 7. The time course of CD45 and MHC class I upregu-
lation is exactly the same as the time course of morphologically
microglial activation detected by 0X-42 immunohistochemistry
[10,20]. It seems that microglia could respond to peripheral tis-
sue injury, but only in the later stages did microglia acquire
the morphological and immunological phenotypic changes. Thus,

microglia may undergo at least two distinct stages of activa-
tion on the basis of their morphological and phenotypic changes.
(1) Early-activated microglia display a “resting” ramified mor-
phology with a relatively small cell body and weakly express
molecules normally present in other haematopoietic lineages, such
as CD45, MHC class I antigen, and other immunomolecules. (2)
Late-activated microglia show upregulation of CD45 and MHC class
I and a morphology characterized by the hypertrophic cell body
and the shortening of cellular processes. Given that MHC class I
antigen can be easily and strongly stained in the late-activated
microglia as compared with CD45, it may be used as a marker
to differentiate this late activation state from the early-activated
microglia.

Under normal conditions, in the CNS, microglia exist in a
state characterized by a distinct ramified morphology, a slow rate
of turnover, and a CD45!°" expression pattern [28]. Microglia
have the capacity to become activated during the CNS inflamma-
tion, acquiring phenotypic and morphologic features of peripheral
macrophages[1,11,27,28]. Microglia also have been shown to differ-
entiate into cells that resemble dendritic cells and express CD11c
in animal models of multiple sclerosis [7,27]. Microglial activation
in the spinal cord has been extensively investigated in animal pain
models, but few reported their phenotypic changes [16]. Upreg-
ulation of MHC class I and class II on glia has been observed
following nerve injury including facial nerve transection and sci-
atic nerve injury [14,16,29]. In a rodent model of nerve root injury,
methotrexate was reported to attenuate tactile sensitivity at doses
that inhibited the expression of MHC class Il on microglia in the
lumbar spinal cord [14]. The present immunophenotypic analy-
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Fig. 3. Time-course of MHC class I expression in the ipsilateral side of the spinal cord following peripheral formalin injection. MHC class I was not expressed at 2 h after the
formalin injection (A); a few faint-stained positive cells were found on day 1 (B), which were significantly increased on day 3 with morphological appearances of activated

microglia (C). The peak expression was observed on day 7 (D). Scale bar, 200 pm.

sis shows that the peripheral formalin injection induces microglia
to express CD45 and MHC class I antigen, but not MHC class
Il antigen, the Fc receptor, and CD11c. We previously reported
that CFA induced much more severe inflammatory reactions in
the peripheral hindpaw tissues than the formalin injection, but
did not produce significant microglial morphological changes and
increases of 0X-42 immunostaining in the ipsilateral lumbar spinal
cord [20]. Moreover, the injection of a low concentration (1%) for-
malin evoked the typical two phases of pain behavior, but no
long-term morphological activation of microglia was found [9].
In the present study, we also did not find a significant upregu-
lation of CD45 and MHC class I antigen in the spinal microglia
in CFA and 1% formalin injected animals (data not shown). The
resulting microglial phenotypic changes might depend on the iden-
tity of the activating agents and/or the stimulus intensity (i.e.,
the intensity of peripheral stimulation). Although microglial acti-
vation has been commonly observed in animal pain models, the
present and previous data indicate that the time course and stage-
dependent microglial activation (both number and phenotypic
change) may well be different in different types of animal pain
models.

Various immunomolecules such as CD45 and MHC class I anti-
gen are key players in the role of immune responses and in the
regulation of inflammation associated with a variety of neurolog-
ical disorders, but very little is known with regard to their roles
in pain modulation [14]. Subcutaneous formalin injection has long
been used as a model of acute inflammatory pain, but the injec-
tion produces tissue injury and pain responses to both mechanical
and thermal stimuli that is applied to the injected area are lost

[8,20]. However, the injury causes hyperalgesic responses on the
opposite surface of the injected hindpaw 3 days after the injection,
which lasts 2-3 weeks [8]. The pain behavior parallels the time
course of the microglial phenotypic changes. Our data suggest dis-
tinct roles for the upregulated CD45 and MHC class I molecules
of the spinal microglia in pain modulation that warrants further
study.
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Fig.4. Time course of the increased level of CD45 and MHC class I immunoreactivity,
the ratio of the percentage of immunoreactive area on the injected side to the con-
tralateral side, following the formalin injection. *p <0.05; **p <0.01 vs. no treatment

control group.
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Fig. 5. Double immunofluorescence on the ipsilateral side of the spinal cord dorsal horn for CD45 (green; A) or MHC class I (green; D) and Ibal (a microglial marker, red; B
and E). Images were merged using Adobe Photoshop, both CD45 and MHC class I were colocalized with Iba1(C and F). Scale bar, 100 wm.
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