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Brain APCs including microglia are only differential and positional 
polymorphs
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ABStRACt

The antigen presentation to lymphocytes in brain occurs in two steps. Initially it happens at perivascular spaces by perivascular microglia/macrophage population 
and finally at the site of inflammation deep into brain parenchyma by the resident microglia. But recent evidence challanges the existing notion of involvement of 
distinct and different cells at these sites. Studies have shown that many of these microglial cells show dendritic cell phenotype in pathogenic and cytokine driven 
environment. Different subsets of the cell show wide range of myeloid lineage functions indicating a pre-differentiated status of the cell. Monocytic CD34+/B220+ 
precursor cells have been transformed to microglial cells in vitro and transplantation of these cells show Iba-1 or F4/80 positivity with microglial phenotypes in vivo 
in adults. Even they can be converted into dendritic cell like forms. The interconvertability among macrophage-microglia-dendritic cells and final effector matu-
ration according to the microenvironmental cues indicates existence of a pre-mature myeloid cell population concerned with antigen presentation and related 
functions in brain. With the substantial recent observation this article sketches the idea that brain APCs appearing as macrophage/microglia/DC like forms are de-
rivatives of the same stock in response to their position and microenvironment. And also microglia is never any distinct cells, both in neonatal stage and adults.
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Introduction

From the beginning it was unequivo-
cally accepted that microglia in brain 
tissue are the resident macrophage or 
equivalent population of cells having 
phenotypic similarities and antigen pre-
senting ability in CNS. When a century 
earlier Cajal, first histologically identi-
fied the cell in brain parenchyma later 
characterized by Pio del Rio Hortega 
with silver staining, the cells appeared 
as short rod like structure embedded 
in CNS parenchyma and smaller than 
the other glial partners, hence named 
microglia.1,2 In normal brain they  
constitute not more than 5-10% of 
brain cells, but during neuropathogen-
esis they jump in number and infest 
the site of pathogenesis.3,4 Plenty of  
research activities are now surfacing  
every day, mostly addressing the func-
tional aspects of microglia in differ-
ent neurodegenerative diseases, brain 
trauma, tumor and even in behavioral  
disorders. The cells present antigens, 
produce variety of neurotrophic fac-
tors, chemokines, cytokines and other 
signaling molecules which have pro-
found influence in controlling CNS 
microenvironment.5-9 A simple search 
in ‘PubMed’ for articles containing mi-
croglia in last two decades yields nearly 
11,500 results. Such huge data indicates 
that microglia possess a double edged 
(both beneficial and detrimental) contri-
bution for CNS.

However, the controversy over its origin 
and cellular identity still remains a perti-
nent issue. A cluster of recent observations 
may evaluate the issue from the broader 
perspective which considers the cell as an 
integral part of mononuclear phagocytic 
system (MPS) cells. Many of the microglial 
research groups hold a tendency of distin-
guishing it into distinct subsets. But the 
dynamic variations of its phenotypes and 
functional activities mostly make those at-
tempts inconsistent. Rather changeability 
of its cellular morphology and function 
can offer a consistent reply of this poly-
morphic appearance of brain APC. In this 
review, with the new experimental find-
ings and from a fast developing outlook of 
cellular dynamics/differentiation property, 
the issue has been addressed to resolve 
this apparent contradiction regarding the 
existence of different brain APCs.

what are brain APCs ?

Microglia is the only exceptional cell popu-
lation of CNS that has its origin out of 
the brain. Though with other glial mem-
bers and neurons they reside deep into 
the brain parenchyma, these cells possess 
the mesodermal hematopoietic lineage. 
Ling and colleagues while performing 
their carbon-particle tracing experiments 
found movement of blood-borne cells in 
brain at embryonic stage which promoted 
the idea of mesodermal/monocytic lin-
eage of microglia.10 But, it was challenged 
in experiments using chimeric rats with  

OX-27 positive cells of hemopoietic lin-
eage. Then the cells were found present 
in subarachnoid space and spinal cord 
CSF, but none entered in brain parenchy-
ma to form ramified microglia.11 On the 
contrary, contemporary studies on micro-
glia ontogeny using cell surface antigen 
RMG-1 and RMG-2 suggested migration 
of small population of cells from blood 
to deep into CNS parenchyma and trans-
formed into ramified form.12 Some recent 
workers defy the existing concept that 
microglia originate from circulating blood 
monocytes that take residence in brain at 
some point in gestation and in early post-
natal period. A few studies raise the con-
troversy claiming that prenatal microglia 
are derived from mesodermal progenitors 
distinct from that of monocytic lineage.13 
Therefore, microglial identity crisis is still 
provoking debates. Another aspect is the 
morphological heterogeneity of the cell 
namely distinguished as ‘ramified’ and 
‘amoeboid’ forms. This change of forms is 
termed as ‘reactive microgliosis’ and cor-
related with the functional plasticity of 
microglia. Conventionally, ‘ramified’ mi-
croglia represents the resting phase and 
‘amoeboid’ form hints to its activation and 
phagocytic state.14,15 

In contrast to the misty microglia there are 
others of monocytic lineage around brain 
at the interface with blood, which are 
also efficient in presenting antigen. They 
are blood borne macrophages at perivas-
cular spaces. These cells are phagocytic 
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and monitor their location at the inter-
face between blood and brain with MHC 
class II and B7 expression.16-18 They are 
ready to capture CNS antigens, cellular 
components or debris or anything abnor-
mal leaked from inside out in perivascular 
space CSF and then phagocytose them to 
present antigen to the circulating lympho-
cytes in the CSF surrounding the brain.18-21 
As the ependymal lining of the ventricles 
lacks ‘tight junctions’ that characteristi-
cally separate brain from blood, the area 
is porous and the Virchow-Robin space is 
also common with such porosity. These ar-
eas clear some interstitial fluids from brain 
parenchyma with several antigens.22 Now 
different distinct passages for cells from 
blood to perivascular space through post-
capillary venules and from there to brain 
parenchyma, crossing the BBB and other 
porous windows have been identified.23 
Disagreement occurs regarding the issues 
whether these cells are tissue macrophages 
or microglia or only the blood borne mac-
rophages, how efficiently they can cross 
the BBB and infest brain parenchyma or to 
what extent they participate in turnover of 
microglia in neuropil etc. In literature the  
term ’perivascular macrophage/microglia’ 
or ‘brain macrophage/microglia’ is being 
used frequently and these terms are fre-
quent in functional studies on the cells, 
irrespective of the demarcation between 
microglia and macrophages in brain.

Several studies on chimera and trans-
genic experiments have shown that bone- 
marrow progenitors can be traced in adult 
CNS. Majority of them are located around 
perivascular spaces generating perivascu-
lar macrophages and a few perivascular 
microglia but not the true representative 
of endogenous microglial population.24,25 
This distinction between perivascular mac-
rophage-microglia population and seem-
ingly ‘true’ microglia is also very feeble. It 
depends on their location, apparent mor-
phology at a single time point and immu-
nophenotype, mostly on the expression 
of few surface markers.26 One such study 
distinguished microglia from perivascu-
lar macrophages depending on low level  
of CD45 expression in comparison with 
others.27 Any definite markers are lack-
ing for microglia and their immunophe-
notypes are overlapping with the other 
monocytic lineage cells. So it seems that 
the distinction is over-conscious and the 
flexibility of cellular response behavior 
according to location, microenvironment 
and need has been overlooked. Recently, 
when GFP-transfected bone marrow pre-

cursors have been reported to repopulate 
the brain parenchyma with ramified mor-
phology and co-expression of microglial 
markers Iba-1 and CD11c, the ideas of dis-
tinguishing perivascular and parenchymal 
microglia/macrophages are at stake.28 

For long, it was assumed that brain is 
devoid of professional antigen present-
ing dendritic cells (DC) and it was one of 
the key reasons of immune deprivation in 
brain.29,30 But that became invalid when 
McMenamin followed by Fischer and Re-
ichmann claimed the existence of DC into 
the brain and they are phenotypically  
related to microglia.31,32 The CD11c+ cells 
are considered as DCs which were found 
to proliferate in brain with its counterpart 
CD11c- cells, but expressing other co-
markers CD11b and CD45.32 This CD11c 
positivity and microglial connection with 
DC has been identified for many occasions 
from then onwards. Another marker com-
monly found on some DC is CD4, which 
also has been found on microglia.33,34 For 
bone marrow derived myeloid DCs inject-
ed into brain parenchyma and CSF, the DCs 
from CSF efficiently reached to cervical 
lymph node; whereas, others move little 
in brain parenchyma with some restricted 
movement.35 These connections of DC 
with microglia thus indicate a serious link 
between the myeloid monocytic lineage 
cells, all concerning together in alliance for 
the antigen presentation related to brain.

Searching the kinship among  
brain APCs

Research in developmental biology indicat-
ed that from later half of first trimester and 
early second trimester in humans and be-
tween embryonic day 10-19 in rodents mi-
croglial progenitors populate brain. Then 
they spread in brain parenchyma which we 
consider as resident ramified parenchymal 
microglia in normal brain.36,37 Some even 
tried to distinguish these progenitors into 
two, one from myeloid mesenchymal ori-
gin and second one is transitory offshoot 
of the fetal macrophages.13 This distinction 
can be reconstructed differently if we in-
terpret that the first population comprises 
of early less differentiated mesenchymal/
myeloid cells that takes entry in brain, and 
the later one is a late differentiated my-
eloid cell population which already started 
to express monocytic/macrophagic pheno-
types during their entry in brain. Another 
idea is that during fetal development the 
myeloid lineage cells or fetal macrophage 
take residence in brain to differentiate into 
microglia, which is distinct from the mac-

rophages in adult.38,39 But from the study 
of lineage markers and differentiation as-
pects it cannot be denied that all the prob-
able progenitors of microglia are basically 
different early stages of myeloid monocyt-
ic lineages. Now accumulating evidence 
on repopulation experiments of microglia 
in adult brain is gradually diminishing the 
barriers between different distinctions of 
microglial progenitor subpopulations in-
stead representing different stages of the 
same continuum involved in the action. 

Microglial commonness with  
monocyte/macrophage lineage

Microglia expresses nearly all of its surface 
markers common with the monocytes 
and macrophages. It includes CD1a, CD2, 
CD4, CD11a, CD11b, CD16, CD18, CD31, 
CD32, CD45, CD45R/B220, CD45RB, CD54, 
CD62L, CD64, CD80, CD86, CD200R, MHC 
class I and II and many more.5,8,26,34,40 Many 
of them are also maturation and phago-
cytic markers for macrophages including 
CD11b, CD45, CD64, CD68, MHC class II 
etc, which have been identified in differ-
ent subsets of microglia in pathogenic 
and normal brain.13 This correlation is also 
evident inside the cell as the transcription 
factors like PU.1 or MafB, required for de-
velopment of macrophage and DCs from 
myeloid cells, are also found important for 
microglial differentiation.41-43 

No strict barrier between microglia, 
macrophage and dCs

As it is also true that microglia has been 
identified with many DC common mark-
ers like CD2, CD4, CD11a, CD45, CD45RB, 
CD80, CD86 and most importantly CD11c 
in subsets of the cell, a perfect connec-
tion between myelo-monocyte derived 
DC, macrophage and microglia is clearly 
visible.31,32 A major breakthrough was 
achieved when Fischer and Reichmann 
located some cells in brain parenchyma 
with DC phenotype CD11c+ that can coex-
press CD11b+ and found in both perivas-
cular as well as intraparenchymal spaces. 
These CD11b+/CD11c+/CD45+ cells prolif-
erate in brain with their CD11b+/CD11c-/
CD45+ counterparts. They also found that 
the cells are related with microglia as 
the microglia when exposed to GM-CSF 
and CD40 ligation differentiates to DC.32 
When DCs isolated from GFP-transgenic 
mice, pulsed with OVA-antigen were in-
jected into the mice brain parenchyma, 
they showed increase in population, signs 
of maturation, and CCR7 expression for 
homing. Some of these cells came out to 
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cervical lymph node showing a migratory 
path of cells from brain parenchyma and 
also induced homing of Ag-specific T cells 
into brain.44 This work implies the impor-
tance on local antigen presenting cells in 
brain and their probable passage to the 
lymphatics. Simultaneously, these DCs 
showed functionally similar action with 
resident microglia. A recent study observ-
ing the role of microglia in CNS immune 
homeostasis interestingly found that CNS 
endothelial cells induce the mature DCs 
to differentiate into microglia like cells 
with similar morphology expressing high 
CD11b, low CD11c, MHC class II and co-
stimulatory molecules CD80, CD86 and 
CD40.45 Above observations support the 
hypothesis that blood borne APCs (includ-
ing monocytic lineage cells, macrophages 
and DCs) enter CNS and gradually under-
go a dynamic functional transformation 
under the influence of CNS microenviron-
ment into microglial forms. 

Cell tracking experiments demolish 
myths about microglia

The series of transplantation and cell track-
ing experiments in the recent past pro-
vide support to the view. Bone marrow 
derived GFP-expressing stem cells injected 
in lethally irradiated mice were found to 
migrate into brain and populate through-
out the brain. Notably, they acquire mi-
croglial morphology with expression of 
Iba-1, CD11c and MHC class II [Fig-1].28  
An important observation is that, com-
pared to other tissue macrophages, micro-
glia behave more like immature myeloid 
cells.46 Some of these immature cells ex-
press CD34 and B220 antigens in develop-
ing brain. Blood circulating CD34+/B220+ 
myeloid progenitors from adult, with ex-
posure to M-CSF and glial cell conditioned 
medium, differentiate to microglia in vit-
ro.47 To define the role of blood circulating 
monocytes in entorhinal cortex lesion (ECL) 
the GFP and CFDA had been used as cell 
tracker and the observation demonstrated 
that blood derived monocytes cross BBB 
and infiltrate layers of anterograde ax-
onal degeneration. In brain, the cells show 
transformation from round to ramified 
morphology at the lesion site and positiv-
ity to Iba-1, Mac-1 and F4/80.48 In other 
set of experiments GFP-transfected bone-
marrow cells engrafted in irradiated mice 
showed GFP+/Iba-1+/F4/80+ cells with typi-
cal microglial morphology in the molecu-
lar layer of brain parenchyma. These cells 
showed enhanced MHC class II expression 
during acute bacterial meningitis and these 
donor derived microglia increased and  

infested brain after one month of infec-
tion, integrated into the pool of parenchy-
mal microglia and participated in recovery 
process.49 Similar experiment found that 
DCs are also able to transmigrate through 
brain capillary endothelium without much 
changes in BBB and the process is assist-
ed by MIP-1α chemokine and MMP-2/9.50 

New evidence suggests that even micro-
glia invites circulating monocytes to brain 
during peripheral infections by secreting 
chemokine MCP-1/CCL2 in association with 
TNFα.51 In all these cases, the bone marrow 
derived/hemopoietic stem cells or circulat-
ing monocytes used in the experiment nev-
er showed differentiation bias to any other 
glial cell types and always keep hemopoiet-
ic lineage fidelity.48,52,53 These observations 
suggest that whether less differentiated 
HSC or comparatively differentiated blood 
monocytes or more differentiated DCs, 
they are all able to infest the adult brain, 
repopulate and mingle with parenchymal 
microglia according to the CNS microenvi-
ronment and situation. 

Progenitors, morphs and their  
dynamic conversions

In glioma and other conditions microglia 
has shown a stable turnover and self- 
renewal capacity.14,54 Their pre-differen-
tiated behavior, as already mentioned, 
was addressed initially by Santambrogio 
and colleagues.55 This status was found 
true for neonatal and adult brain when 
different myeloid marker expression was 
analyzed. The cells had been designated 
as CD34+ HSC derived CD45+ uncom-
mitted myeloid precursors. They are re-
sponsive to GM-CSF to differentiate into  
‘DC-like’ phenotype with CD11c and M-
CSF inducing them to ‘macrophage-like’ 
phenotype and functional attributes; 
and investigators defined the cell as ‘pro-
dendritic’.47,55 Microglia shows astonishing 
range of functional plasticity also, which 
varies from normal to different patho-
genic conditions. With antigen presenta-
tion they express variety of co-activation  
receptors, cell adhesion molecules, FC, scav-
enger, pattern recognition, complement 
and death receptors; can release pro- and 
anti-inflammatory cytokines and chemok-
ines, reactive oxygen and nitrogen species, 
neuronal growth factors; and react to var-
ied mitogenic and non-mitogenic agents. 
Detailing of there is beyond the scope  
of this article. However, particulars of 
these functional aspects of microglia are 
available in literature.5,26,56,57 From plethora 
of studies on microglia and associated 
macrophage like cells in brain it is now  

evident that microglial population can 
adopt and act in almost every possible 
role of myelo-monocytic cell lineage; and 
in addition they can perform some CNS 
specific glial functions probably as local 
adaption in the CNS microenvironment  
[Fig-2].8,58,59,40 This potential for wide vari-
ability also indicates for microglial precur-
sor state that can adapt and mature in 
several potential paths to reach the termi-
nal effector state as needed in CNS.

Human CD34+ HSC transplantation in 
NOD/SCID mice CNS strikingly yields mi-
croglia in vivo with ramified morphol-
ogy and Iba-1.60 The fact is that microglia 
in adult can be generated from direct 
transplantation of even a single HSC and 
~54-98% of transplanted cells attaining 
Iba1 immunolocalisation.52 From differ-
entiation-maturation perspective it is de-
termined that CD34+ HSC attain CD11c 
when GMCSF and IL-4 aid them to dif-
ferentiate as DC.61 Conversely, MCSF and 
IL-6 guide them towards macrophage.62 In 
previously mentioned CD34+/B220+ my-
eloid progenitor differentiation, the role 
of MCSF in differentiation of macrophage 
like microglia expressing CD11b was ob-
served.47 So, local environment profoundly 
control the differentiation of ‘DC like’ i.e, 
CD11c+ or ‘macrophage like’ i.e, CD11b+ 
microglial cells with varying cell morphol-
ogy that mostly express Iba-1 and/or F4/80 
and other monocytic phagocyte common 
markers. Simultaneously, it was found that 
IFNγ has the ability to push the monocytic 
progenitors or early differentiating cells 
with DC tendency to develop macrophage 
phenotype by producing autocrine MCSF 
and IL-6.63 The opposite was observed in 
a different condition found during foam 
cell formation in atherosclerosis. Here, 
monocytes entering through arterial walls, 
differentiate to macrophages in M-CSF or 
CXCL4 induced environment. But microar-
ray data showed that in response to oxLDL, 
these cells transformed to DC like forms ex-
pressing MHC class II, CD83, CD206 etc.64 
As in atherosclerosis many chemokines 
and cytokines similar to brain microenvi-
ronment are involved, comparable trans-
formation is not improbable in brain and 
an exactly predicting phenotypic switch in 
brain was observed in Alzheimer’s disease 
(AD) double transgenic (APP/PS1) mice 
model when vaccinated with glatiramer 
acetate (GA). It causes CD11b+/CD11c- mi-
croglia to transform into CD11b+/CD11c+ 
microglia with close proximity to DC phe-
notype and better MHC class II expression. 
IL-4 induces the situation effectively with 
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Fig.1: GFP-expressing bone marrow derived stem cells have been found to enter brain parenchyma in adults, populate their and express APC specific 
marker CD11c, which is mostly assigned for dendritic cell (DC) specificity. In the same experiment investigators found the co-expression of GFP and 
iba-1 (mostly specified for macrophage/microglia) with ramified morphology [Figure not reproduced here]. The observations demonstrated that even 
in adult, progenitor cells has the ability to repopulate in brain which transdifferentiate into microglia with both macrophage/DC phenotype and hence 
competent to present antigens to cells of adaptive immune systems, mostly to infiltrated lymphocytes.

insulin-like growth factor 1 (IGF1) expres-
sion and downregulation of TGFβ in the 
transformed microglia.65

These observations suggest that in brain, 
microglia is normally present as pre-

differentiated monocytic cell popula-
tion. According to microenvironmental 
cues the cells are capable of transform-
ing into DC or macrophage like effector 
forms. They may interchange their char-
acters also to a limited extent. In adult, 

pre-differentiated blood monocytes en-
ter brain, can repopulate parenchymal 
microglia, and differentiate to its forms 
and functional attributes. All these cells 
collectively constitute microglia from 
perivascular space to parenchyma with 
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dynamic differentiation potential. Their 
diversities can be designated as different 
maturation grades resulted accordingly 
with local atmosphere, mostly reversible 
except terminally differentiated.

Old ‘ramified’ vs ‘amoeboid’  
microglia redefined

To describe the functional plasticity of 
microglia, generally short rod shaped 
parenchymal microglia with ramification 
found in normal brain had been desig-
nated as ‘resting’ phase of the cell. But in 
neuropathogenic condition the cells are 
found to cluster around the site of lesion 
or inflammation with more round amoe-
boid morphology [Fig-2]. These were 
designated as its ‘active’ form with effec-
tor functions including secretory proper-
ties and phagocytic abilities.6,14 With the 
abundant data of microglial functional  
activities this demarcation of ‘ramified/
resting’ and ‘amoeboid/active’ status was 
gradually narrowing. But a clear blow on 
that idea was received with the advanced 
time-lapsed two-photon microscopic 
technique. From live CNS preparation it 
was documented that the so called rest-
ing microglia possesses DC like slender 
ramifications undulating, protruding 
and retracting in the tissue matrix for the 

surveillance of its surroundings.66 Even 
immediately after local injury, motility 
of this resting microglia to the site with 
active changes of processes was found. 
Another study in in vivo preparation of 
transgenic mouse brain expressing Iba1-
EGFP (enhanced green fluorescent pro-
tein) in microglia/macrophage lineage 
cells showed that so-called resting/rami-
fied microglia make direct contact with 
the synapse to monitor the functional 
state. In injury they move, protrude their 
ramification and help in remodeling 
the neuronal circuits disrupted by isch-
emia.67

These recent observations showed that 
the ramified forms of microglia are high-
ly motile, always vigilant to check the in-
tegrity and function of CNS, even able 
to repair subclinical abnormalities.66-68 
The ramified forms of microglia have 
striking similarities in their protrusions 
with dendritic cells. CNS immune- 
surveillance and controlled antigen pre-
sentation mostly rely on this form of 
cells. If we revisit the cellular morphol-
ogy and receptor expression patterns 
from the stem cell transplantation ex-
periments, it can be noticed that the 
cells with highly ramified morphology 
mostly express CD11c and MHC class 

II with Iba-1.28 But when prominent ef-
fector functions, repair and clearance in 
pathogenic brain is needed, microglia 
mostly become hypertrophic and trans-
form into amoeboid forms. These have 
been found in transplantation experi-
ments in diseased conditions with Iba1, 
F4/80 and CD11b+ cells having rounded 
morphology; and also in a huge number 
of functional studies on microglia.47-49 
Therefore, the ramified and amoeboid 
forms of microglia in adult brain should 
not be differentiated into resting or ac-
tive state. On contrary, they are different 
states of functional response against the 
prevailing circumstances in CNS. 

Brain APCs/microglia are functional 
morphs of monocytic lineage

Microglia has long been regarded as 
the resident macrophage of brain and 
its connection with macrophage lineage 
is under scrutiny since its discovery. But 
throughout the last decade microglial 
connection with DC becomes more and 
more evident, which we have already 
talked about. Two simultaneous observa-
tions extended this beyond brain. Mono-
cytic cells, just crossing the BBB, when 
exist adjacent to capillary endothelium 
and astrocytic end-feet had been as-

Fig. 2: Diversity of forms and functions of microglia are enormous. The cell is designated as the hybrids between white blood cells and glial cells (Streit, 
2002, Glia). Microglia shows immense immune functional potentials and can practically adopt nearly all functional forms that can possibly be adopted 
by mononuclear phagocytic system (MPS) cells. Additionally, they can release and respond to a variety of neuronal factors including some neurotrans-
mitters, growth factors or trophic factors etc. At neonatal stage most microglia in brain appear with round amoeboid shape, which transform to 
elongated ramified form in normal adult brain. But in pathogenic or injured brain tissue they reappear in amoeboid forms. This diagram represents the 
functions and forms of microglia at a glance.
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Fig. 3: Differentiation stages and positional morphs of CD34+ hematopoietic stem cells showing that brain APCs including microglia are derivatives 
of the same stock of haemopoietic precursors of MPS in response to their microenvironment. It should be noted that, differentiation determining mi-
croenvironmental cues are varied and many still to identify; however, the key cytokines identified so far that are determinant for macrophage/microglia/
DC like appearance is mentioned here. Finally in brain parenchyma these cells may attain the premature macrophage/microglial or Dendritic cell forms 
or an intermediate form, from that the cell reaches its final effector maturation stage of differentiation in the site of neuroinflammation that we can 
distinguish then as separate cell types. The positional and functional heterogeneity of the cell lineage is remarkable.
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signed as perivascular microglia.20,24 In 
the mice model of multiple sclerosis us-
ing bone marrow chimeric approach with 
transgenic animals, it was predicted that 
neither secondary lymphoid tissue nor 
the CNS resident microglia are essential 
to permit entry of autoreactive T cells 
into brain. Rather, DCs with CD11c+ as-
sociated with meninges, CNS blood ves-
sels and perivascular spaces (the places 
for perivascular microglia) allows these T 
cells to recognize their cognate antigen 
that lead them to CNS invasion and in-
flammation.69 In another model of MS, 
the efficient presentation of endogenous 
antigen to activate T cells is found depen-
dent upon F4/80-CD11c+CD45hi DCs as 
well as F4/80+CD45+ macrophages and 
F4/80+CD45lo microglia locally, but not 
in the cervical lymph nodes or other pe-
ripheral lymphoid organs.70 Thus the de-
marcation of even perivascular microglia, 
macrophage or DCs and also the same for 
the APCs in brain parenchyma is getting 
difficult. In every position, the brain APCs 
comprise several sub-populations of cells 
expressing any of these morpho- and 
immune-phenotypes with wide range 
of effector functions or exists at some 
pre-differentiated stage. Even the forms 
possess potential for inter-conversion be-
tween them to some extent.63-65 

This issue can be viewed in the larger 
spectrum of monocytic cell family. The 
long standing efforts applied to sepa-
rate macrophages from the specialized 
antigen presenting cells named as den-
dritic cells are now facing serious chal-
lenge. Hume, 2008, in his seminal article 
explained how DCs are just the part of 
mononuclear phagocytic system (MPS, 
they comprise the family of bone marrow 
precursor cells, blood circulating mono-
cytes and tissue macrophages) and linked 
with macrophages.71 Basically, MPS cells 
encounter combinations of growth fac-
tors like MCSF/IL-34, GMCSF, IL-4, IFN-γ, 
Flt3L etc, all having their effects on phe-
notype maturation of them.72-75 Identifica-
tion of common clonogenic bone marrow 
derived progenitors for macrophage and 
DC (MDP, macrophage-DC progenitor), 
antigen presenting capacity of both forms 
in vivo, CD11c non-specificity to DCs etc 
furnish the cell types as only the forms of 
heterogeneous MPS.76-78 The wide variety 
of monocyte subpopulation in different 
organs and their commonness of gene ex-
pression make it hard to distinguish these 
cells into distinct types.79,80 Independent 
experiments also demonstrated that the 
pattern of MPS lineage phenotype during 

macrophage differentiation continues to 
shift from one cytokine environment to 
another and shows functional adaptabili-
ty.81 In 2004, Stout and Suttles, with fol-
lowing others, definitely pointed out that 
macrophage displaying their wide func-
tional patterns are actually representing 
different stages of their evolving response 
to the changing microenvironment with 
reversibility.82 Therefore, the above find-
ings indicate that antigen presenting cell 
phenotype is essentially a regulated re-
sponse activity, as it holds true also for 
phagocytic and other effector phenotypes 
of MPS. And brain is not the exception 
for the mononuclear phagocytic system 
(MPS) to produce its functional heteroge-
neity with corresponding morphological 
variations. That was demonstrated in vitro 
with Flt3+ bone-marrow progenitor cells 
which could commit them sequentially 
into different differentiation program for 
DC, osteoclast and macrophage; and glial 
cell conditioned medium (GCCM) polar-
ize these progenitors to differentiate into  
microglia.83 

Therefore, mounting evidence from dif-
ferent experimental approaches shows 
that the cell population termed micro-
glia is an aggregation of different re-
lated forms, varied functional identities. 
Apparent inconsistencies are basically 
nothing but the ‘spatial’ and ‘function-
al’ versions of mononuclear phagocytic 
heterogeneity related to brain. The ‘DC 
like’ (mostly ramified) and ‘macrophage 
like’ (mostly amoeboid) appearances are 
derived from the ‘premature’ monocytic 
cells as a response behavior in that par-
ticular CNS microenvironment. From ac-
cumulated evidence a simple hypothesis 
about the transforming cellular nature of 
brain APCs designated as macrophage/
microglia/DC can be redrawn. During 
neuropathogenesis in adult CD34+CD45+ 
monocytic precursors with activated PU.1 
transcription factors in the CNS blood 
capillaries step into the perivascular 
space with CD11b+/CD11c+/- phenotype, 
which are premature DC/macrophage 
forms. These immature APCs entering 
CNS undergo phases of functional and 
morphological transformation under the 
influence of local milieu and merge with 
the existing mononuclear phagocytic 
population that colonized during embry-
onic and early natal days in brain from 
blood. This merged population forms 
a cooperative antigen presenting and 
phagocytic system; the final differen-
tiation and effector maturation of which  
is still to be determined by different  

cytokines, chemokines and receptor  
ligations at the site of action [Fig-3]. 
These mononuclear cells, namely mi-
croglia, can move through extracellular  
matrix constituting projections of astro-
cytes to the effector site by α6β1 inte-
grin, a receptor of laminin expressed  
by them.84 

Conclusions

The recent disagreements on the mono-
cytic heterogeneity yield in favor of the 
continuum of progeny of a common pre-
cursor.85 The brain APCs, in and around, 
therefore appears as a combination of 
different morphs of the same mononu-
clear phagocytic system cells. They at-
tain different name according to their 
positional and functional differentiation 
stage. When they reside in brain paren-
chyma with certain morphological and 
immunophenotypic features, as imposed 
or defined extramurally, they become the 
‘microglia- resident macrophage of brain’. 
But cumulative evidence suggest that a dy-
namic passage exists for the mononuclear 
cells, mostly from blood to brain through-
out the life. The process becomes more 
prominent during neuropathogenesis. As 
these cells possess a pre-differentiated 
status with migratory behavior that helps 
them to cross the BBB, to move in brain  
parenchyma and gain final differentiation 
at the effector sites in brain, they have 
been planned as vechicle of gene therapy 
and drug delivery in brain.86 This effort is 
aimed to exploit its ‘pre-mature’ nature 
and opening up a new opportunity for 
treating CNS diseases. Thus brain APCs 
provide a new insight and possibility for 
regulating the brain immunity.
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