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Semaphorin4A causes loss of mature
oligodendrocytes and demyelination in vivo
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Abstract

Background: Inappropriate contact between the immune system and the central nervous system is thought to be
a cause of demyelination. We previously reported the ability of the class IV semaphorin, Semaphorin4A (Sema4A), to
induce apoptosis in human oligodendrocytes; however, these results have yet to be translated to an in vivo setting.
Importantly, HIV-associated neurocognitive disorder remains a significant complication for patients on combined
anti-retroviral therapy, with white matter damage seen on MRI.

Methods: Human cerebrospinal fluid and serum was assayed for Sema4A using a Sema4A-specific ELISA. Wild-type
mice were injected with Sema4A via stereotaxic infusion. Data was assessed for significance using unpaired t tests,
comparing the corpus callosum of PBS-injected mice versus Sema4A-injected mice.

Results: Here, we demonstrate elevated levels of Sema4A in the cerebrospinal fluid and serum of people with HIV
infection. Furthermore, we demonstrate that direct injection of Sema4A into the corpus callosum of mice results in
loss of myelin architecture and decreased myelin, concomitant with apoptosis of mature myelinating
oligodendrocytes. Sema4A injection also causes increased activation of microglia.

Conclusions: Taken together, our data further establish Sema4A as a potentially significant mediator of
demyelinating diseases and a direct connection between the immune system and oligodendrocytes.
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Background
Demyelination in the central nervous system (CNS) has
long been thought to be a result of inappropriate immune
activation, leading to targeted destruction of the myelin
sheath, as well as a loss of mature myelinating oligoden-
drocytes [1, 2]. Though the brain is typically segregated
from the peripheral immune system, trafficking of immune
cells or immune trophic factors across the blood-brain
barrier may lead to inappropriate interactions between
immune cells, oligodendrocytes, and the myelin sheath.
Previous studies by our laboratory have demonstrated that
exposure to Semaphorin4A (Sema4A), an immune trophic
factor required for T cell activation [3], is implicated in the
death of oligodendrocytes [4, 5]. Furthermore, Sema4A has
been shown to be involved in experimental autoimmune
encephalomyelitis (EAE) mouse model pathology [3, 6].

Classically, Sema4A has been described as a neuronal
axon guidance cue during development [7]. However,
recent literature has demonstrated the importance of
Sema4A in immune-mediated diseases such as rheuma-
toid arthritis [8] and asthma [9]. Importantly, Sema4A
has been shown to be expressed by activated microglia
[4], dendritic cells [10], activated T cells [11], and germi-
nal center B cells [12]. Previous studies have also dem-
onstrated that Sema4A aids in T cell maturation by
binding to the T cell immunoglobulin and mucin domain
2 (Tim-2) receptor in rodents [3] and to Tim-1 in humans
[5]. We have previously demonstrated that Tim-1 and
Tim-2 are present on oligodendrocytes in humans and ro-
dents, respectively, and that this receptor binds to and
mediates the uptake of H-ferritin [5, 13–15].
HIV-associated neurocognitive disorder (HAND) re-

mains a significant complication among individuals on
combination antiretroviral therapy (cART) for HIV infec-
tion [16]. By current diagnostic criteria, up to 50% of all
HIV-seropositive (HIV+) individuals experience some form
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of HAND [17], which is marked by white matter damage
in the brain and neurocognitive impairment (NCI) [18].
NCI in people with HIV has been associated with higher
volumes of abnormal white matter, as well as decreased
volumes of total white matter [18, 19]. In addition to an
infrequently seen, acute-onset immune reconstitution in-
flammatory syndrome (IRIS) with white matter abnormal-
ities on neuroimaging, which can occur in the central
nervous system upon initiation of cART, white matter
alterations have also been associated with greater degrees
of CD4+ T cell recovery on cART, indicating a role for
neuroinflammation in the pathogenesis of these changes
[20]. The mechanisms for white matter damage related to
HIV infection have yet to be elucidated. We hypothesized
that the white matter abnormalities seen in HIV+ persons
and in patients with multiple sclerosis (MS) could be at
least in part mediated by the direct interaction between
Sema4A and Tim-1 receptors on human oligodendrocytes
[5]. This hypothesis is supported by a number of clinical
studies, which have suggested that high circulating
Sema4A levels are associated with resistance to some
types of treatment in patients with MS and may be useful
for risk stratification [10, 21].
Though we have previously reported Sema4A to have a

direct cytotoxic effect on mature oligodendrocytes in vitro
[5], the ability of Sema4A to cause cell death and demye-
lination in vivo has yet to be explored. In this study, we
examined the effects of in vivo Sema4A intracranial injec-
tion on white matter in the adult mouse brain. Here, we
show that direct injection of Sema4A into the corpus
callosum of adult mice can lead to loss of white matter, as
well as to oligodendrocyte cell death in the brain.

Materials and methods
Intracranial injection and brain isolation
A total of 10 6-month-old, wild-type 129/C57Bl/6J mice
were sorted into 2 groups: a phosphate-buffered saline
(PBS) injection control group (n = 5) and a recombinant
Sema4A-Fc (AcroBiosystems) injection group (n = 5). The
mice were anesthetized using a 5% isoflurane mixture and
maintained under anesthesia using a 1–2% isoflurane
mixture. Next, the heads of mice were shaved, and povi-
done-iodine was used to disinfect the area immediately
prior to surgery. Lubrication was applied to the cornea, and
mice were mounted upon the stereotaxic frame. After
immobilization via ear bars, a small incision was made in
the skin, exposing the skull. A burr hole was drilled, and
either a 1 μg/mL Sema4A-PBS solution or an equivalent
volume of PBS alone (5 μL) was injected into the corpus
callosum (coordinates 0.5 mm anterior, 1.0 mm lateral, and
2.5 mm deep, relative to bregma) using a 22-gauge needle
and syringe (Hamilton). Following injection, bone wax
(Harvard Apparatus) was applied to the skull to prevent
leakage and the skin was sutured. Mice were taken off

isoflurane, warmed in a 37°C environment, and allowed to
wake before transport. Mice were monitored daily until
7 days post-surgery, when they were anesthetized with a
ketamine/xylazine cocktail and transcardially perfused, first
with Ringer’s solution and then with 4% paraformaldehyde.
Brains were removed and put into a 4% paraformaldehyde
solution overnight, followed by 0.1 M PBS solution the next
day. All procedures were conducted in accordance with the
NIH Guide for the Care and Use of Laboratory Animals,
formally approved by the Pennsylvania State University
College of Medicine International Animal Care and Use
Committee under Protocol #47464, and reported in accord-
ance with Animal Research: Reporting In Vivo Experiments.

Immunohistochemistry
One day prior to paraffin embedding, the brains were
transferred to a 70% ethanol solution. Brains were
paraffin-embedded and 5 μm coronal sections were
taken and mounted upon standard microscopy slides.
We have previously described our immunohistochemis-
try methods [22, 23]. Briefly, slides were deparaffinized
in xylenes and rehydrated in a standard ethanol gradi-
ent. Antigen retrieval was performed using a 10 mM
citrate buffer solution (pH 6.0). Slides were blocked in
a 3% H2O2/methanol solution, rinsed in 1× PBS, and
blocked for 1 h in a 2% milk/PBS solution. The slides
were then incubated overnight in primary antibody at 4°C
using anti-cleaved caspase-3 (Cell Signaling, 9661, 1:200),
anti-MBP (Abcam, ab7349, 1:200), anti-Olig2 (Abcam,
ab109186, 1:200), anti-CC1 (Calbiochem, OP80, 1:100),
anti-CNPase (Abcam, ab6319, 1:200), anti-Iba1 (Wako,
019-19741, 1:200), anti-CD3 (Abcam, ab5690, 1:200), or
anti-GFAP (Agilent, Z0334, 1:1000). The following day,
the slides were washed in a 1× PBS solution and incubated
with species-specific secondary antibodies using the ABC
Vectastain kit (1:200, Vector Labs) according to the manu-
facturer’s protocol or species-specific AlexaFluor488 and
AlexaFluor555 secondary antibodies. The slides were then
treated with diaminobenzidine (DAB) to visualize the
secondary antibodies, using nickel chloride to intensify
DAB staining. Following staining, slides were dehydrated,
mounted, coverslipped, and allowed to dry overnight. The
terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick-end labeling (TUNEL) assay was performed
using the DeadEnd Fluorometric TUNEL System (Promega,
G3250) to detect apoptosis according to the manufacturer’s
given protocol after rehydration of formalin-fixed, paraffin-
embedded tissue.
For Luxol fast blue staining, paraffin-embedded slides

were deparaffinized and rehydrated in an ethanol gradient
up to 95% ethanol. Slides were then stained in a 0.1%
Luxol fast blue solution overnight at 56°C. The following
day, slides were rinsed in dH2O and differentiated in a
0.05% lithium carbonate solution. Subsequently, slides
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were stained in a 0.1% cresyl violet solution for 30 s and
differentiated in 95% ethanol. Slides were then dehydrated,
mounted, coverslipped, and allowed to dry overnight.
For image quantification, images of both halves of the

corpus callosum were taken on a standard light micro-
scope at 20× and analyzed on ImageJ. A region of interest
(ROI) was created by outlining the corpus callosum
(dotted lines), and percent area fraction was measured in
that ROI. Percent area fraction was used to measure im-
munostaining density, reflecting the relative amounts of
staining in each corpus callosum half. Researchers were
blinded to patient clinical status and HIV serostatus, as
well as for creation of the ROI and for the duration of the
analyses. Measurements were reported as the ratio of
injected corpus callosum signal to uninjected corpus callo-
sum signal. The brains from all five mice in each group
were stained, and the percent area fraction quantified.

Protein assays
Cerebrospinal fluid (CSF) and serum samples (n = 50)
were obtained from HIV+ adults who were previously re-
cruited to the multicenter HIV Neurobehavioral Research
Center (HNRC) at the University of California, San Diego.
HIV+ study participants provided written informed con-
sent for lumbar puncture, medical records review, and
comprehensive neuropsychiatric testing [19].
Sema4A protein content in the CSF and serum was

quantified using a Sema4A-specific ELISA (Biomatik), fol-
lowing the manufacturer’s protocol. Positive controls used
for this ELISA were a recombinant Sema4A-Fc protein
(AcroBiosystems), as well as CSF samples used in our pre-
vious study [5] that showed positive signal. Negative CSF
used in this assay came from HIV-seronegative patients
without demyelinating disease (CSF n = 19, serum n = 10).

Statistical analysis
Statistical analyses were performed using GraphPad
Prism 4 software (GraphPad Software, Inc.). Data were
collected from five independent biological replicates, av-
eraged, and expressed as the mean ± SD. Unpaired t tests
were used to compare the PBS- and Sema4A-injected
groups to evaluate statistical significance. p values < 0.05
were considered significant.

Results
Sema4A is elevated in the CSF and serum of HIV+
individuals
The levels of Sema4A were measured in 50 HIV+ individ-
uals who consented to have lumbar punctures and blood
measurements as part of previously conducted studies at
the University of California-San Diego HIV Neurobehav-
ioral Research Center (HNRC). Using a Sema4A-specific
ELISA, we determined that Sema4A levels are higher in
individuals with HIV infection (53.72 ± 14.37 ng/mL)

compared with HIV-seronegative, control individuals
without known demyelinating disease. (7.22 ± 2.28 ng/mL;
p < 0.001). Furthermore, we demonstrated that serum
Sema4A levels are significantly elevated in HIV+ individuals
(401.92 ± 81.73 ng/mL) compared with HIV-seronegative
individuals (12.38 ± 9.78 ng/mL; p < 0.001) (Fig. 1).

Sema4A causes demyelination
Previously, we established that both purified and recom-
binant Sema4A is cytotoxic to oligodendrocytes in vitro,
in both rodent and human primary oligodendrocyte cells
[4, 5]. To investigate the effects of Sema4A in vivo, we
performed stereotaxic injections of recombinant Sema4A
into the corpus callosum of wild-type 129/C57Bl/6J mice.
Following infusion of PBS, there was no demyelination
evident on the injected side compared to the uninjected
side (Fig. 2a). However, following Sema4A injection, there
was clear evidence of demyelination (Fig. 2b) when com-
pared to the uninjected side. By quantifying the myelin-
ation in separate regions of the corpus callosum by Luxol
fast blue staining, we observed a 54% decrease in myelin
content (p = 0.011) associated with Sema4A injection
(Fig. 2c) when compared to PBS injection.
To further characterize demyelination after Sema4A

injection, we assessed levels of myelin basic protein (MBP)
and 2′,3′-cyclic nucleotide 3′-phosphodiesterase (CNPase),
both major contributors to the integrity of myelin architec-
ture. Similar to Luxol Fast Blue staining, injection of PBS
was not associated with any decrease in myelination com-
pared to the uninjected side (Fig. 2d). However, injection of
Sema4A (Fig. 2e) caused a 48% decrease in MBP staining
compared to the uninjected side (Fig. 2f, p = 0.03).
Similarly, when we stained for CNPase, a marker for early
lineage oligodendrocytes and developing myelin, PBS
injection had no effect on CNPase levels (Fig. 2g), while
Sema4A injection (Fig. 2h) caused a 34% decrease in
CNPase content (Fig. 2i, p = 0.04). We did not observe any
demyelination of other white matter structures, such as the
deep cerebellar white matter or anterior commissure (data
not shown).

Sema4A causes loss of mature oligodendrocytes in vivo
We next assessed whether Sema4A treatment causes
loss of oligodendrocytes in vivo, by measuring levels of
Olig2, a pan-oligodendrocyte marker, and CC1, a marker
for mature myelinating oligodendrocytes. Following PBS
injection, there was no observable difference in oligo-
dendrocyte numbers in the corpus callosum (Fig. 3a).
However, when Sema4A was injected, there was a 50%
decrease in Olig2 staining (Fig. 3b, c, p = 0.001). Simi-
larly, we observed no change in CC1 staining after PBS
injection (Fig. 3d), but we detected a 47% decrease in
the Sema4A-injected condition (Fig. 3e, Fig. 3f, p = 0.01).
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To evaluate the mechanism of cell death in the injected
white matter, we performed TUNEL staining, hypothesiz-
ing that Sema4A causes an induction of apoptosis, similar
to what was seen in previous in vitro studies [5] (Fig. 4a).
Consistent with our results shown in Fig. 3, we observed
evidence of increased DNA degradation by TUNEL assay
in the white matter of Sema4A-injected mice, relative to

PBS-injected mice. Furthermore, we demonstrated that
cleaved executioner caspase 3, a marker for late apoptosis,
is increased in CC1-positive cells in the white matter
(Fig. 4b). However, uninjected white matter and PBS-
injected mice did not display this increase in cleaved
caspase 3.

Sema4A causes microglial activation
We next examined if local microglial activation was af-
fected by Sema4A injection by assaying the levels of Iba1
staining in corpus callosum. In our PBS-injection model,
we observed no noticeable alterations in microglial Iba1
staining either in the injected or uninjected halves of the
corpus callosum (Fig. 5a). There was, however, a signifi-
cant increase (223%) in the amount of Iba1 expression
following Sema4A injection (Fig. 5b, c, p = 0.04). An in-
crease in reactive astrocytes (astrogliosis) is commonly
observed in the event of significant CNS challenges,
including trauma. To that end, we measured glial fibril-
lary acidic protein (GFAP), a marker for astrocytes, after
injection with either PBS or Sema4A. In our injection
model, injection of neither PBS (Fig. 5d) nor Sema4A
(Fig. 5e) was associated with significant alterations in
GFAP signal (Fig. 5f). Previous literature has demonstrated
that Sema4A is highly expressed by activated T cells in both
rodents and humans [3, 10, 24, 25]. Therefore, we assessed
whether Sema4A treatment also influences the numbers of
infiltrating T lymphocytes, thereby contributing to demye-
lination, by staining for CD3, a pan-lymphocyte marker. No
significant difference was observed in total CD3 staining in
the corpus callosum in either the PBS-injection (Fig. 5g)
and Sema4A-injection (Fig. 5h) models (Fig. 5i).

Discussion
Damage to white matter in the brain, which consists largely
of myelinated nerve fibers, may result from either immune-
mediated damage to oligodendrocytes or the myelin sheath,
a failure of oligodendrocyte-mediated remyelination after
injury, or from a combination of these processes [26, 27].
Previous studies by our laboratory and others have sug-
gested that Sema4A could be a significant and direct con-
tributor to oligodendrocyte cell loss and subsequent
demyelination or white matter damage in diseases such as
MS [6, 10, 21], HIV infection [5], neuroinflammation [28],
and even cerebral malaria [29]. None of the previous stud-
ies provided direct in vivo evidence of a pathogenic role for
Sema4A, however. In this study, we demonstrate signifi-
cantly elevated levels of CSF Sema4A in a substantial sam-
ple of HIV+ persons and extend our previous pre-clinical
and in vitro findings regarding Sema4A-mediated oligo-
dendrocyte cell death to an in vivo model. We observed
significant demyelination as a result of intracranial Sema4A
injection of the corpus callosum, concomitant with in-
creased apoptosis of CC1-expressing (mature) myelinating

Fig. 1 Elevated levels of Sema4A in the CSF of HIV-infected individuals.
a CSF from HIV+ individuals displays a significantly higher level of
Sema4A levels (53.72 ± 14.37 ng/mL, n= 50) relative to HIV-negative,
non-demyelinated control patients (7.22 ± 2.28 ng/mL, n= 19). b Serum
values of Sema4A from HIV+ individuals (401.92 ± 81.73 ng/mL, n = 50)
is significantly elevated relative to HIV-negative, non-demyelinated
control patients (12.38 ± 9.78 ng/mL, n= 10). Though the data are the
same, scatterplot lines represent mean values, whereas the box and
whisker plots represent the medians and interquartile ranges. Statistical
significance was evaluated using the Mann-Whitney test; ***p < 0.0001
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oligodendrocytes and an increase in local microglial activa-
tion. Importantly, we did not observe any cell death or de-
myelination outside of the corpus callosum.
Translation of our Sema4A-related in vitro findings of

oligodendrocyte cytotoxicity to an in vivo model is a cru-
cial step forward in establishing Sema4A as a potentially
important factor involved in the pathogenesis of demyelin-
ating diseases. Moreover, we provide additional evidence
in a larger sample of HIV+ individuals corroborating the
observation from our initial pilot study that Sema4A levels
are elevated in the CSF in individuals with HIV infection

[5]. White matter alterations seen in HIV+ individuals are
often detected early in the disease course [30] and may
occur partly as a result of acute inflammatory damage
during untreated HIV infection, and partly due to CD4+
T cell recovery during cART, with inappropriate contact
between the immune system and the CNS. While demye-
lination and elevated levels of myelin basic protein in CSF
were reported in people with HIV/AIDS in the early
1990s, these findings were generally confined to patients
with the AIDS Dementia Complex (ADC), progressive
multifocal leukoencephalopathy (PML) caused by the

Fig. 2 Sema4A causes demyelination of the corpus callosum. Sema4A (1 μg/mL) was injected into the corpus callosum, brain slices were obtained 7 days
post-surgery, and tissue slices were stained with Luxol fast blue (a, b, c), myelin basic protein (d, e, f), or CNPase (g, h, i) to visualize the myelin sheath. a
Equivolume PBS injection does not cause demyelination. b Sema4A injection causes gross demyelination and loss of architecture. c Quantification of
decreased overall myelination (54%) in the outlined region of interest. d PBS injection does not affect MBP staining intensity. e Sema4A injection results in
decreased levels of MBP staining. f MBP staining is decreased by 48% after Sema4A injection. g CNPase staining is unaffected by PBS injection. h Sema4A
treatment decreases total CNPase staining by 34% (i). PBS and Sema4A groups each had n= 5. Unpaired t tests were used to evaluate differences
between PBS and Sema4A groups; *p< 0.05
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neurotropic JC virus, or other opportunistic infections of
the CNS [31, 32]. Although PML occasionally still occurs
in HIV+ individuals despite cART and virus suppression,
ADC is now rare, occurring primarily in late, untreated
HIV disease. The reasons for persistent white matter
injury in the cART era, which correlates with symptomatic
HAND as well as longer duration of HIV infection, are
therefore unclear [33, 34]. Accumulating evidence suggests
that white matter injury during HIV infection in individ-
uals on cART may be multifactorial, with contributions
from immune-mediated damage, blood-brain barrier dis-
ruption, HIV viral proteins, and antiretroviral drug effects
on oligodendrocyte processes [16].
In MS, the prototypical demyelinating disease of the

CNS, Sema4A levels have been shown to be elevated in
serum [10]. Elevation of Sema4A in the CSF as well as
serum in both MS [5] and HIV infection suggests a role
for Sema4A in the etiology of demyelination and other
types of white matter damage in human neuroinflammatory
diseases that warrants further investigation. Intriguingly,

HIV has been associated with a markedly reduced
incidence of MS, possibly due to HIV-mediated immuno-
suppression or to ameliorating effects of HIV and/or
antiretroviral drugs on MS pathogenesis [35]. The source of
soluble Sema4A, found normally and/or during inflamma-
tion within the brain has yet to be elucidated, although it is
known to be expressed by activated microglia [4], activated
T and B cells [3, 12], and dendritic cells [36]. We examined
the brain following Sema4A injections for the presence of
increased numbers of CD3+ T cells, microglia, and astro-
cytes. While astrocyte and lymphocyte numbers were un-
affected by injection of Sema4A into the corpus callosum,
the number of microglial cells was significantly increased in
the injected region. Interestingly, a previous study by our
laboratory found colocalization of CD11b, a marker of
microglia and macrophages, and Sema4A in human white
matter [4]. Furthermore, that study also found colocaliza-
tion of the pan-T cell marker CD3 and Sema4A; histological
analyses demonstrated that Sema4A is expressed by micro-
glia and T cells, suggesting that these cells could also be a

Fig. 3 Sema4A treatment causes loss of mature myelinating oligodendrocytes. The brains treated with PBS or Sema4A were sliced and
stained for Olig2, a pan-oligodendrocyte marker, or CC1, a mature myelinating oligodendrocyte marker. a PBS injection causes no loss in
total oligodendrocyte numbers. b Sema4A injection causes a decrease in total oligodendrocytes. c 50% oligodendrocyte loss is observed
after Sema4A treatment. d PBS injection causes no loss in mature myelinating oligodendrocytes. e Sema4A injection causes a decrease of
mature myelinating oligodendrocytes by 47% (f). PBS and Sema4A groups each had n = 5. Unpaired t tests were used to compare PBS and
Sema4A groups; *p < 0.05
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source of Sema4A, contributing to demyelination [4].
Further studies are needed to understand how Sema4A
expressed by these cells is rendered soluble. Sema4D, a re-
lated member of the semaphorin family, has been shown
to be proteolytically cleaved from the cell membrane and
thereby rendered soluble [28, 37]. A similar mechanism
may exist for Sema4A.

Our current findings, together with previous studies,
implicate elevated soluble Sema4A levels as a direct
mediator of the death of mature myelinating oligoden-
drocytes and demyelination. However, it is currently not
known how Sema4A gets into the CSF or if Sema4A can
cross the blood-brain barrier in its native form. We
previously demonstrated that Sema4A in the CSF of

Fig. 4 Sema4A causes apoptosis in mature myelinating oligodendrocytes in vivo. a Infusion of Sema4A into the corpus callosum results in
increased TUNEL staining, indicating increased levels of apoptosis, relative to the uninjected regions as well as the PBS control. b Sema4A
treatment results in increased levels of cleaved caspase-3 relative to the uninjected and PBS-injected regions
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persons with demyelinating disease is biologically active,
causing oligodendrocyte cell death [5]. The CSF is consid-
ered to be in dynamic equilibrium with the extracellular
fluid in the brain, and thus the model we have chosen of
direct intracranial injection of Sema4A approximates the
clinical situation. In our current study, we treated mice
with a single dose of 1 μg/mL recombinant Sema4A pro-
tein. In a demyelinating disease state, the Sema4A CSF
concentration may range from 50 ng/mL (Fig. 1) to as high
as 120 ng/mL [5]. The higher concentration of Sema4A

used in this study was selected because we were using an
acute single bolus injection model rather than a chronic
low-dose infusion in which the cells are potentially
incubated in the toxin for hours to days. The data herein
establish that exposure to Sema4A is toxic to oligodendro-
cytes in vivo as it is in vitro.

Conclusions
Overall, the data presented in this study further illustrate a
role for Sema4A-oligodendrocyte interaction in the etiology

Fig. 5 Sema4A causes an increase in locally activated microglia. The brain tissue slices were stained for Iba1, a microglial marker, GFAP,
an astrocytic marker, and CD3, a pan-lymphocyte marker. a PBS injection does not affect Iba1 signal. b Sema4A injection causes an
increase in Iba1 signal of 223% (c). Both PBS (d) and Sema4A (e) had no effect on astrocyte numbers, as indicated by non-significant
differences in GFAP staining. Furthermore, CD3 signal was not increased in the PBS (g) or Sema4A (h) injection groups. PBS and Sema4A
groups had n = 5. Unpaired t tests were used to compare PBS and Sema4A groups; *p < 0.05
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of demyelinating diseases by showing direct, adverse in vivo
effects of the protein on oligodendrocytes and myelin
homeostasis. These findings continue to provide compel-
ling evidence for Sema4A as a clinical link between the
immune system and damage to white matter in the brain in
demyelinating disorders. The degree of contribution of
Sema4A produced by trafficking immune cells and/or resi-
dent cells in the brain, such as microglia, to the pathogen-
esis of demyelinating disorders requires further study.
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