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1 Introduction
Astrocytes are numerous and heterogeneous glial cells that maintain 

homeostasis and provide for defense of the central nervous system (CNS). 

In response to CNS damage they undergo morphological and functional 

alterations collectively termed reactive (astro)gliosis. However, the 

capacity of astrocytes to participate in immune interactions is still 

incompletely understood. Interferon ã (IFNã), an inflammatory cytokine, 

induces expression and plasmalemmal translocation of major 

histocompatibility type II molecules (MHCII) that present antigens on cell 

surface. 

2 Aims
To identify principal vesicles involved in MHCII delivery and retention at 

the plasmalemma of cultured rat astrocytes, we investigated the 

subcellular localization of MHCII by confocal microscopy and examined 

exo-/endocytotic interactions at a single vesicle level by high-resolution 

cell-attached membrane capacitance measurements. 

3 Methods

4 Results
5 Summary

?IFNã enhances the expression of MHCII 

molecules in cultured rat astrocytes

?IFNã-treated astrocytes express abundant

    MHCII molecules on the plasmalemma

?IFNã favors reversible exocytosis of larger 

vesicles 

?In IFNã-treated astrocytes, the altered 

balance between exo-/endocytosis favors 

exocytosis, which contributes to prolonged 

exposure of MHCII molecules at the 

plasmalemma

?ATP-evoked alterations of exo-/endocytosis are 

largely preserved in IFNã-treated astrocytes
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Figure 1. Types of vesicle–plasmalemma interactions measured by high-resolution 

patch-clamp membrane capacitance measurements in cultured rat astrocytes (a) 

Representative examples of upward and downward steps in the imaginary (Im) and real 

(Re) component of the admittance signal represent elementary events of exo- and 

endocytosis: (i) full exocytosis, (ii) full endocytosis, (iii) reversible exocytosis, (iv) 

reversible endocytosis; (v) an event of reversible exocytosis that exhibited projection to 

the Re trace, indicating the formation of a highly resistive narrow fusion pore enabling 

measurement of fusion pore conductance (Gp). Asterisks denote calibration pulses. (b, c) 

Individual events of reversible exocytosis in control (b) and IFNã-treated astrocytes (c) 

marked by the arrows in Im component of the admittance trace signal.

Figure 2. Cell treatment with 

IFNã enhances the expression of 

MHCII that localize to vesicle-

like structures in cultured rat 

astrocytes (a) Confocal image of 

control (Con) astrocyte 

immunolabeled by anti-MHCII 

antibodies. (b) Differential 

interference contrast image of the 

same cell as in (a). (c) Confocal 

image of an astrocyte treated with 

IFNã for 48 h. The white curve 

outlines the cell perimeter (a–c). 

Insets display a magnified view of 

the MHCII-positive vesicles in 

control and IFNã-treated cells. 

Scale bars: 10 ìm (large images, 

a–c) and 1 ìm (insets, a, c). (d) The 

relative proportion of MHCII-

positive cell area (%; surface area 

of MHCII-positive pixels with 

fluorescence above 20% of 

maximal fluorescence) normalized 

to cell surface area. The MHCII-

positive cell area is substantially 

higher in IFNã-treated astrocytes. 

The numbers at the bottom of the 

bars indicate the number of cell 

images analyzed. ***P < 0.001 

versus control (Mann-Whitney U 

test).

Figure 3. 

 (a, c) 

Differential interference contrast 

images of live control (Con; a) and 

IFNã-treated astrocytes (IFNã, c), 

and  the corresponding 

confocal images displaying 

MHCII-positive 

immunofluorescence at the cellular 

surface. Note abundant MHCII-

positive immunofluorescence at 

the surface of IFNã-treated (d) but 

not control cells (b). Scale bar: 20 

µm. (e) Confocal micrographs of 

double-fluorescent, non-

permeabilized, IFNã-treated 

astrocytes labeled with anti-

MHCII tagged with fluorescent 

secondary antibodies (MHCII, 

green, left) and styryl dye FM4-64 

(red, middle). The merged image 

displays co-localized pixels 

(yellow, right). Scale bar: 20 µm.

IFNã induces expression 

and plasmalemmal localization of 

MHCII in astrocytes

(b, d)

Figure 4. Astrocyte treatment by IFNã 

favors reversible fusion of exocytotic 

vesicles with larger diameter (a–d) 

Plots depicting vesicle diameter (2r; 

mean ± SEM, left) and relative 

frequency distribution of vesicle 

capacitance (Cv, bottom right) and 

vesicle diameter (2r, top right) in 

vesicles undergoing full exocytosis (a), 

full endocytosis (b), reversible 

exocytosis (c), and reversible 

endocytosis (d) in controls and IFNã-

treated astrocytes. Numbers at the 

bottom of the bars indicate the number 

of vesicles analyzed. In IFNã-treated 

astrocytes, note an increase in vesicle 

diameter in exocytotic vesicles 

undergoing transient exocytosis. ***P < 

0.001 (Mann-Whitney U test).

Figure 5. Astrocyte treatment by IFNã 

affects the frequency of elementary 

exo- and endocytosis at rest and after 

ATP stimulation (a) Frequency of 

elementary events (mean ± SEM) of full 

exocytosis (Full Exo), full endocytosis 

(Full Endo), reversible exocytosis (Rev 

Exo), and reversible endocytosis (Rev 

Endo) in controls and IFNã-treated 

astrocytes. Note the decreased 

frequency of full endocytotic events in 

IFNã-treated astrocytes. (b, c) 

Frequency of elementary events of exo- 

and endocytosis (as in a) before and 

after 100 µM ATP stimulation in 

controls (b) and IFNã-treated astrocytes 

(c). Note that ATP stimulation similarly 

affects the frequency of exo- and 

endocytotic events in controls and 

IFNã-treated astrocytes *P < 0.05, **P < 

0.01, ***P < 0.001 (Wilcoxon signed-rank 

test). Numbers at the bottom of the bars 

indicate the number of cells analyzed.
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