
ORIGINAL  ARTICLE

Resting microglial cells exhibit tubular membrane

protrusions

Ulrike Gimsa
1

,  Veronika Kralj-Iglic
2

,  Jan Gimsa
3

, and Ales Iglic
4

Abstract
Gimsa, U.,  Kralj-Iglic, V.,  Gimsa, J., and Iglic, A.

Resting microglial cells exhibit tubular membrane protrusions
Songklanakarin J. Sci. Technol., 2002, 24(Suppl.) : 771-776

Nano- and microtubular structures have recently become a subject of increasing interest due to

their importance in biology and medicine as well as their technological potential. Such structures have been

observed in anorganic (Iijima, 1991) as well as in organic (Schnur 1993; Oda et al. 1991) systems. Micro- and

nanotubular protrusions of bilayer membranes have been found in cells (Kralj-Iglic et al. 1998; Kralj-Iglic

et al. 2001a) and phospholipid vesicles (Kralj-Iglic et al. 2002; Kralj-Iglic et al. 2001b).  In this work we

describe membrane protrusions in microglial cells.
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Microglial  cells  are  small,  non-neuronal
interstitial cells of mesodermal origin that form
part  of  the  supporting  structure  of  the  central
nervous system. They are migratory and act as
phagocytes  to  waste  products  of  nerve  tissue.
Thus, microglial activation is a feature that com-
monly accompanies neurodegeneration, neuroin-
flammation and demyelination. Recently, a study
has been performed investigating the ability of
brain-invading T cells to induce axonal destruc-
tion and the involvement of microglial cells in
this process (Gimsa et al. 2000). We utilized a
murine  entorhinal-hippocampal  slice  culture  to
analyze  the  influence  of  T  cells  on  microglial
cells in an organotypic setting. The slice culture
has proven feasible for analysis of glial cell acti-
vation. This reaction  was  accompanied  by  upre-
gulation  of activation  markers  of  microglial  cells
such as major histocompatibility complex (MHC)
class  II  and  intercellular  adhesion  molecule  1
(ICAM-1) expression and phagocytosis of axonal
material induced by T cells. Microglial activation
was also characterized by shape changes from a
resting  to  an  activated  morphology  involving
thin  tubular  membraneous  structures.

The mechanisms that are important for the
stability  of  thin  tubular  protrusions  of  the  cell
membrane are not fully understood so far.  Ac-
cording to the fluid mosaic model (Singer and
Nicholson 1972), the membrane is composed of a
matrix formed by the phospholipid molecules in
which various molecules such as membrane pro-
teins are embedded. The matrix may be consi-
dered as a two dimensional fluid with inclusions
that are more or less free to move within the mem-
brane plane. There is no preferred orientation of
the inclusions with respect to the membrane nor-
mal. Such a view is consistent with a mathema-
tical  model  based  on  an  isotropic  membrane
elasticity. Within this model the stable shape will
correspond  to  the  minimum  of  the  membrane
free  energy  F
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membrane:
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H
o
  is  a  constant  that  reflects  the  asymmetry  of

the  composition  of  the  two  membrane  leaflets
and  their  interactions  with  the  respective  sur-
rounding solutions. The above model, expressed
by the local and non-local terms proposed by
Canham (1970),  Helfrich (1974),  Evans (1974),
and Evans and Skalak (1980) is an acknowledged
model for determination of the membrane shape.
However, it has been recently shown (Kralj-Iglic
et al. 2002) that this model can not explain the
stability of thin anisotropic structures such as
micro- and nanotubes attached to a mother cell.
In order to explain these structures, the above
model has been extended by the assumption that
membrane constituents at strongly anisotropi-
cally curved regions such as tubular protrusions,
exhibit  a  preferred  in-plane  orientation  (Kralj-
Iglic et al. 1999).  The consequent orientational
ordering of the membrane constituents gives rise
to the so-called deviatoric elasticity.

Membrane  inclusions  of  a  given  species
that are free to move laterally in the membrane
contribute  to  the  membrane  free  energy  (Kralj-
Iglic et al. 1999)
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where N is the number of inclusions of that spe-
cies, k is Boltzmann’s constant, T is the temp-
erature,  ξ  and  ξ*  are  the  constants  describing
the interaction between the inclusion and the sur-
rounding membrane, H

m
 is the mean curvature of
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dified  Bessel  function,  D  =  (C
1 
- C

2
)/2,  is  the

curvature deviator and D
m
 is the curvature devia-

tor of the intrinsic shape of the inclusion. If the
inclusion is strongly anisotropic (D

m
 large) and

located in the region of a large curvature deviator
D like in a thin tubular protrusion, the modified
Bessel function yields a large positive value and
hence  (as  can  be  seen  from  Eq.(3)),  the  contri-
bution of the inclusions becomes more negative.
In other words, accumulation and orientational
ordering of anisotropic membrane inclusions on
thin  tubular  membrane  protrusions  cause  a  de-
crease of the membrane free energy resulting in
a  stabilization  of  these  structures.

In this work we show that thin tubular
protrusions of the microglial cell membrane are
formed in the resting state while in the activated
state  they  were  not  observed.  We  hypothesize
that thin tubular protrusions are made stable by
the mechanisms  involving  orientational  ordering
of  the  anisotropic  membrane  constituents  on  the
protrusions.

Materials and Methods

Preparation of slice cultures

Entorhinal-hippocampal  slice  cultures  were
prepared from 11-day-old B10.PL mice (Jackson
Laboratories, Boston, MA, USA).  After decapi-
tation  of  the  animals,  brains  were  rapidly  re-
moved  under  sterile  conditions  and  placed  in
ice-cold preparation medium, consisting of mini-
mum essential medium (MEM, Gibco Life Tech-
nologies)  with  1%  L-glutamine  (Gibco)  at  pH
7.35. The frontal pole was removed and, begin-
ning at the ventral surface, the brains were cut
into 350µm thick horizontal slices on a vibra-
tome (Technical Products International, St. Louis,
MO, U.S.A.). The slices containing the hippo-
campi were cultured on Falcon cell culture inserts,
pore size 0.4µm (Becton Dickinson, Franklin
Lakes, NJ, U.S.A) in 6-well plates. The slices faced
air on their top and medium (via the membrane
of cell culture inserts) at the bottom. The medium

for cultivation contained 50% MEM, 25% HBSS
(Gibco), 25% normal horse serum (Gibco), 2%
glutamine, 10µg/ml  insulin-transferrin-sodium
selenite supplement (Boehringer Mannheim, Ger-
many), 2.64mg/ml glucose (Braun, Melsungen,
Germany),  0.1 mg/ml  streptomycin  (Sigma,
Deisenhofen,  Germany),  100  U/ml  penicillin
(Sigma), and 0.8 µg/ml vitamin C (Sigma). The
slice  cultures  were  incubated  at  35°C  in  humi-
dified atmosphere with 5% CO

2 
.

T cell isolation and activation

Non-specific wildtype T cells: Spleens and
lymph  nodes  of  adult  B10.PL  mice  were  ho-
mogenized and washed. Erythrocytes were lysed
by incubation in 0.83% NH

4
Cl for 5 min at room

temperature followed by washing in RPMI-1640.
These cells were activated by incubation for 2 d
at  37

o
C  with  phorbol  myristate  acetate  (PMA)

(5 ng/ml; Sigma)  plus  ionomycin  (1 µg/ml;)  in
RPMI-1640  (Gibco)  supplemented  with  10%
fetal calf serum (Gibco), 100 U/ml penicillin/ strep-
tomycin (Sigma) and 2 mM L-glutamine (Gibco).
MBP-specific T cells:  Leucocytes were isolated
as  described  above  from  transgenic  mice  on  a
B10Pl  background,  carrying a  TCR  for   MBP
peptide  Ac1-11  (kind gift  of  David Wraith, Bristol
[Liu et al. 1995]) and cultured with 0.3 µg/ml
MBP  peptide  (Ac1-11)  (Pepscan  Immunoana-
lytic, Berlin, Germany) for 2 d in supplemented
RPMI-1640 medium as described above.

Fixation and sectioning of slices

Cultures were fixed at 8 div in 4% para-
formaldehyde / 15% picric acid / 0.1% glutaralde-
hyde / 0.1 M phosphate buffer (pH 7.4) for 15 min
and washed. The procedure was repeated without
glutaraldehyde. Fixed slices were incubated in
phosphate buffered sucrose solution at 0.8 M to
1.4 M for 1 week before horizontal sectioning on
a  Jung  cryostat  2800  Frigocut-E  (Cambridge
instruments, Nussloch, Germany) at -34°C. Slices
were  cut  into  14µm  sections  for  fluorescence
and light microscopy.
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Immunohistochemistry

Microglial cells were stained with Griffo-
nia simplicifolia isolectin-B

4
 (GFS-IB

4
; 1:40;

Sigma) which was conjugated with FITC.  Fol-
lowing immunohistochemistry, 20 mm sections
were studied under a Leica DM IRBE inverse
confocal laser scanning microscope (Leica Cam-
era AG, Solms, Germany) equipped with an ar-
gon/krypton laser.  Images were acquired using
ScanWare 5.10.

Results and Discussion

The  entorhinal-hippocampal  slice  culture
provides a model system of organotypic tissue in
which functionally relevant processes involving
neuronal  as  well  as  non-neuronal  cells  can  be
studied (Diekmann et al. 1994; Hailer et al. 1996;
Heppner et al. 1998).  An important feature of
the model is that microglial cells return to a rest-
ing state after a brief activation phase following
explantation.  Among other parameters, this is
demonstrated by a ramified shape directly after
explantation,  an  amoeboid  morphology  during
the  activation  phase  of  about  1-5 d  in  vitro  and
reassumption of a ramified, i.e. resting, morphol-
ogy at about 6 d in vitro. We used this model sys-
tem to investigate the influence of nonspecifically
activated T cells on the activation of microglial

cells. Taking into account that the microglial cells
close to the sectioned surfaces of the slices re-
main activated (Hailer et al. 1996) we only ana-
lyzed the middle zone of the slices.  In control
cultures without T cells, microglial cells had a
ramified appearance with long cellular processes
(Figure 1a)  while  their  morphology  in  cultures
with activated T cells was amoeboid (Figure 1b).
It  can  be  seen  that  the  resting  cells  exhibit
numerous  protrusions  and  blebs  of  the  plasma
membrane while in activated cells the membrane
contour is much smoother. There is no evidence
that the protrusions contain rigid structures com-
posed of protein (such as microtubular rods [Iglic
et al. 2001]), however, the protrusions and blebs
may be stable also without such structures.

In the introduction we have presented the
onset of deviatoric elasticity due to the aniso-
tropic membrane inclusions of a single species.
Generalization of these principles to more than
one species of inclusions is straightforward and
the contributions to the free energy of the respec-
tive species can be summed up. Further, the same
principles, though elaborated by a different sta-
tistical mechanical derivation, can also be applied
to the matrix formed by phospholipid molecules
which are anisotropic due to their chemical struc-
ture (two tails and a head) (Kralj-Iglic et al. 2002).

Recently, it has experimentally been proven

Figure 1. Resting microglial cells (a) and activated microglial cells (b). Scale bar=20 µµµµµm.
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that stable nanotubes formed of phospholipids
are commonly attached to giant POPC vesicles
(Mathivet et al. 1996; Kralj-Iglic et al. 2001b).
These structures are so thin that they cannot be
directly observed by optical microscopy and have
therefore been overlooked for a long time (Mathi-
vet et al. 1996). As the phospholipid matrix is
the predominant structure of the cell membrane,
with inclusions additionally supporting the pro-
posed  mechanism,  the  question  can  be  posed
whether  such  nanostructures  are  a  common  fea-
ture of biological cells. If yes, activated microglial
cells may be a model system for these structures.
The process of the formation of tubular protru-
sions of microglial cells and their structure have
not been described, yet. However, since they can
be  stained  by  lectins,  their  visible  part  must
contain protein inclusions (see Figure 1a). The
stained protrusions can be estimated to have a
diameter of less than 1µm. Due to the staining
technique used in our study and the optical reso-
lution of our system we cannot exclude that the
protrusions proceed into longer and thinner struc-
tures composed entirely of phospholipids. To fur-
ther elaborate this problem, the transformation of
microglial cells from their resting (Figure 1a) to
their activated state (Figure 1b) has to be followed
microscopically, preferably by video-microscopy
(Weiss 1986).

Conclusion

We have observed thin tubular membrane-
ous structures in microglial cells.  These struc-
tures mimic findings on artificial phospholipid
vesicles. Our results strongly support the hypoth-
esis that deviatoric elasticity induced by orienta-
tional ordering of anisotropic membrane consti-
tuents provides the mechanism explaining stabil-
ity of these structures.  Indeed, we found no evi-
dence that would point to other mechanisms.
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