Golgi Feels Its Own Wound
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Significance: The Golgi apparatus is essential for protein processing, sorting,
and transport. Processing includes carbohydrate modifications and proteolytic
cleavage, and transport can involve secretion from the cell or relocation to a
specific cellular compartment. Rapid and synchronized reorientation of the
Golgi in migrating cells is thought to facilitate polarized secretion, providing
membrane and secreted products to the proximal plasma membrane. This
function is a fundamental process in cell motility. Whether the Golgi structure
and positioning is functionally required for directed secretion and polarity in
cell migration responses, such as wound healing, is yet to be elucidated.

Recent Advances: Exciting recent analysis examined the effects of perturbed
Golgi positioning without disruption of microtubular or actin cytoskeleton
assembly or protein secretion, in the context of cellular polarity and directional
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migration in wound repair. This was achieved by Yadav et al. (2009) through
depletion of Golgin-160 or GMAP210 (Golgi microtubule associated protein of
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210kDa), which resulted in fragmentation and dispersal of Golgi without al-
tering secretion kinetics. As a consequence, the direction of secretion, cell
polarization, and cell migration in response to wounding were severely im-
paired. Thus, in response to a scratch wound, cell polarity requires peri-cen-
trosomal positioning of the Golgi apparatus, implying that after initiation by a
polarity cue there is a dependence on the Golgi’s directed secretion to maintain
the polarized state that facilitates cell migration.

Critical Issues: Golgi peri-centrosomal positioning can now be included among
the growing list of cellular processes and signaling pathways that are critical
for establishment of cellular polarity in response to external stimuli—a key
feature of wound repair.

Future Directions: A complete understanding of the function of Golgi compo-
nents in motility merits attractive avenues for future investigations that will
ultimately bring regulators of Golgi into the clinic whereby treatment of skin-
related disorders will greatly benefit.

SCOPE

CHRONIC WOUNDS, severe skin
damage, and burns have been suc-
cessfully treated with grafting from a
healthy donor area onto the damaged
area of the skin. Although normal
physiological skin repair is an effi-
cient process, its acceleration or en-
hancement through the activity of
exogenous factors remains the holy
grail. Golgi secretion is required for
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almost every cellular process including
wound healing; however, the rela-
tionship between Golgi positioning
and directed secretion in cell polarity
and motility is still unknown. This
mechanism is also relevant for other
morphogenetic processes that re-
quire epidermal migration such as
gastrulation, and neural tube clo-
sure.! Mechanistic insights into Gol-
gi biology are expected to decipher
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ECM =extracellular matrix
GFP =green fluoresecent
protein

GMAP210=Golgi microtubule
associated protein of 210 kDa
GRASP65 = Golgi reassembly
stacking protein 65
MTOC = microtubule organizing
center

siRNA =small interfering
ribonucleic acid

VSVG =vesicular stomatitis
virus glycoprotein
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the essential regulators that affect directional cell
migration, and these in turn may provide new
therapeutic avenues in the vexing field of wound
repair.

BACKGROUND

Camillo Golgi (1844-1926) was an Italian his-
tologist who shared the 1906 Nobel Prize in Phy-
siology and Medicine for his discovery of the
organelle in animal cells that bears his name. The
existence of the Golgi apparatus was debated for
decades (many scientists believed that it only re-
presented a staining artifact), until confirmed in
the mid-1950s by the use of the electron microscope.
Since then, the Golgi apparatus has been exten-
sively studied. It is the organelle from which pro-
teins are sorted and shipped to their intended
destinations by their placement into one of at least
three different types of vesicles, namely, exocytotic,
secretory, or lysosomal vesicles. Furthermore, an
anterograde secretion pathway has been shown to
supply plasma membrane components through ves-
icle fusion and protein expression.? Secretory cargo
exits the Golgi in pleomorphic membrane bounded
vesicles in microtubule-dependent exocytosis neces-
sary for the domain-specific fusion of post-Golgi
vesicles with the plasma membrane.? Golgi mem-
branes are largely confined to a region surrounding
the centrosome or microtubule-organizing center
(MTOC), which is critical for the cellular positioning
of the Golgi apparatus.? Diverse physiological pro-
cesses including embryonic development, chemo-
taxis, immune function, inflammatory responses,
and wound healing require cellular polarity and
motility.”~" In response to a scratch wound, the
planar cell polarity requires alignment of the Golgi
apparatus within the axis of secretion.” The leading
edge relies on this constant feeding, resulting in
growth and extension at the wound margin.®°

RELEVANT BASIC SCIENCE CONTEXT

Cells migrate directionally in response to a vari-
ety of signals, including gradients of chemokines,
growth factors, or extracellular matrix molecules.
The wounding stimulus triggers the secretion of
molecules and factors, for example fibroblast growth
factors, ' which act as a positive regulator and signal
transducer in wound repair. These molecular signals
become the driving force in transmission of activity to
the cytoskeleton and provide the link between mem-
brane receptor signaling and the regulation of the
cytoskeleton.!! The plasticity of the cytoskeleton dic-
tates modifications of the cytoplasmic networks of
actin microfilaments, intermediate filaments, and

microtubules and the generation of intracellular
movement of cell components.’® Coordinated inter-
actions between filamentous actin and microtubules
are fundamental for maintaining the cell shape, mi-
totic spindle orientation, motility, growth cone guid-
ance, and wound healing. The outcome is dependent
upon the cell type and can range from the polymeri-
zation and/or reorganization of actin to the polarized
capture and stabilization of microtubules and their
MTOC.'® Extracellular stimuli were shown to induce
repositioning of both the MTOC and the Golgi appa-
ratus yielding a striking alignment with respect to
the stimulus.* Reorganization of the cytoskeleton
causes the nucleus to move to the back of the cell, the
centrosome and MTOC together with Golgi to orient
facing the leading edge. The processing and traffick-
ing of macromolecules by the Golgi apparatus be-
comes primarily designated to the wound site.
Simultaneously, centrosome-directed polarized dy-
namics are also required for the generation of cell
polarity and cannot be achieved without Golgi re-
modeling and reorientation. Thus, the cascade of
signaling events converges on the driving force of
Golgi and directs its secretion toward the wound
margin. Recently, Yadav et al. have shown that dis-
ruption of the topographical orientation of the Golgi
apparatus does not affect the secretion rates. How-
ever, the delivery of specific proteins, which are re-
quired for cells to polarize, migrate, and heal the
wound, is no longer supplied to the leading edge.’

EXPERIMENTAL MODEL OR MATERIAL:
ADVANTAGES AND LIMITATIONS

The majority of experimental models in Yadav’s
findings address the dynamic of Golgi network by
disrupting its structure and the direction of secre-
tion in vitro.? Inhibition of the Golgi apparatus was
achieved using pharmacological treatment (Bre-
feldin A)** or by knocking-down structural proteins
such as Golgin-160 or GMAP210 by the small inter-
fering RNAs (siRNA) technique. siRNA knock-down
of either Golgin-160 or GMAP210 was specific and
did not affect the expression levels of other
golgins. In addition, the siRNA neither affected
the cytoskeletal structure nor the secretion ki-
netics. Interestingly, the expression of a full-length
Golgin-160 in the siRNA knockdown cells reversed
the siRNA effect and confirmed a direct role for
Golgin-160 in the establishment of Golgi position-
ing. Thus, it was relatively easy to impair the
wound healing in knock-down cells, which offered a
controlled environment to test specific cellular and
molecular hypotheses. However, it remains much
more complex to optimize and enhance this
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process. Therefore, it would be ideal to expand the
investigation of Golgi positioning to in vivo studies.
The translation of these findings into conditional
knock-out mice (that can be induced in the epi-
dermis using specific Cre strains) will be pertinent
for better understanding of morphogenetic pro-
cesses that require polarized migration. Assess-
ment of wound repair in mice with an epidermal
deletion of Golgin-160 or GMAP210 will provide a
more stringent assessment of the role of these fac-
tors and of Golgi positioning in cell migration.

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE

Two distinct mechanisms underpin the coordi-
nated movement of epithelial sheets during healing:
(i) closure occurs by protrusion of filopodia and la-
mellipodia at the wound edge, with cells crawling
toward the opposing wound margin, a typical sce-

nario in adult skin, (i) actomyosin cables are orga-
nized into a purse string at the wound margin that
ultimately pulls the edges together, as observed in
embryonic epidermal wound repair. Both processes
require activation of signaling pathways assembled
in a coordinating cascade and that orients Golgi to-
ward the driving edge. Golgi reorientation is a hall-
mark of cell polarization and part of a feedback loop
that sustains the polarized state in wound closure
(Fig. 1). The structural and dynamic changes of Golgi
orient vesicular trafficking to maintain cell polarity
and directed migration to the wound. The research of
Golgi secretion has been confounded by the lack of
methods for understanding the mechanism of mac-
romolecular trafficking through and within the
Golgi. Mechanisms that control Golgi positioning and
secretion, aiming to specifically and reversibly acti-
vate the secretion of targeted proteins from this or-
ganelle, will have a major impact in the process of
wound healing. Recently, Yadav et al. discovered
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Figure 1. Positioning of the Golgi apparatus in wound response. The wound scratch triggers a cascade of molecular signals. (a) The end of the physiological
response converts on the Golgi network to achieve a peri-centrosomal positioning and a polarized status of secretion toward the wound edge. (b) Disruption of
the coordinated molecular pathway impairs the polarized status of Golgi and disrupts the directional cell migration. MTOC, microtubule organizing center. Color

images available online at www.liebertpub.com/wound
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that in the absence of specific golgins (Golgin-160 and
GMAP210), peri-centrosomal positioning of the Golgi
apparatus was altered.® Golgin-160 is a peripheral
Golgi protein localized to the Golgi cistern distinct
from the trans-Golgi network. It is involved in the
structure and dynamics of the Golgi apparatus.’®
GMAP210, a cis-Golgi microtubule binding protein,
interacts with y-tubulin containing complexes. It
displays microtubule anchoring and membrane fu-
sion activities, thus contributing to the assembly and
maintenance of the Golgi ribbon around the centro-
some. Knockdown of the golgin GMAP210 has been
shown to disperse Golgi,'® and in an siRNA screen,
Yadav et al. identified that GMAP210, as well as
Golgin-160, knockdown significantly fragmented
and dispersed the Golgi apparatus without disas-
sembly of the microtubule or actin cytoskeletal sys-
tems. The two proteins appear to independently
confer Golgi positioning and to impact on the polar-
ized migration, and this argues strongly for a pri-
mary role of Golgi positioning in the wound response.
These findings are relevant for a recent study which
shows the importance of conventional Golgi assem-
bly and secretion in a genetic disorder and offers a
potential therapeutic strategy for the treatment of
disease related to Golgi secretion.'” The peri-
centrosomal positioning of the Golgi apparatus could
be a byproduct of a strategy using microtubules plus
end-directed motility to orient delivery of post-Golgi
membrane carriers over large distances and to spe-
cific cellular sites.'® The remodeling and reorienta-
tion of Golgi was shown in another study to be
regulated by phosphorylation of Golgi reassembly
stacking protein 65 (GRASP65) by the extracellular
signal-regulated kinase, causing loss of GRASP65
oligomerization and cisternal unstacking.'® Trans-
mission electron microscopy analysis revealed that
the dispersed Golgi ribbon membranes in Golgin-160
and GMAP210 knockdown cells were dispersed
ministacks similar to those present in cells treated
with the inhibitor of microtubule polymerization
Nocodazole. The presence of ministacks suggests
maintenance of compartmentalization, and this was
consistent with a fluorescence analysis showing that
marker segregation was maintained in the Golgi
membranes of the knockdown cells. The reassembled
membranes failed to move inward and form a Golgi
ribbon, but the rate of reticulum endoplasmic (ER)
export, estimated using image analysis, was similar
to controls. Although secretion persisted in these
cells with normal kinetics, it was evenly distributed
in response to wounding rather than directed to the
wound edge. The strong defects were observed in cell
polarization and cell migration in response to
wounding demonstrating that Golgi positioning and

the directed secretion are critical in maintaining cell
polarity and migration.’

INNOVATION

The techniques used by Yadav et al. were elegant
and described an accurate tracing of Golgi secretion.
The Tet-on system was employed for inducible
expression with the temperature-sensitive mutant
vesicular stomatitis virus glycoprotein (VSVG)-green
fluorescent protein (GFP) in knockdown cells. By in-
cubating the cells at various temperatures in differ-
ent stages, the authors managed to control and
manipulate the ER to surface trafficking of VSVG-
GFP in vitro. Importantly, the GFP allowed the vi-
sualization and quantification of the surface-VSVG at
the indicated time points. Furthermore, Golgi orien-
tation was quantitated by plotting the normalized
intensity of GalNacT2-GFP fluorescence using best-
fit circles and quadrants within a 180° radius in front
of the nucleus and perpendicular to the wound edge.
This measurement allowed an unbiased and precise
observation to track the movement of Golgi objects
in response to wounding.”® Indeed, this work high-
lights several methods to monitor the specific secre-
tion of Golgi apparatus and paves the way to identify
the micro-environmental signaling that orients
and stabilizes Golgi, which may have a promising
impact in wound healing studies and the associated
complications.

CAUTION, CRITICAL REMARKS,
AND RECOMMENDATIONS

The authors conducted their experiments in vitro
in a single cell line, HeLa, which is not epidermal
and has abnormally rapid proliferation. This raises
the question of how reliable or significant the find-
ings in this study are for clinical outcome. It would
be ideal to conduct similar experiments in different
mammalian epidermal cells and in vivo to validate
the role of Golgin-160 and GMAP210 in Golgi peri-
centrosomal positioning. Analysis of different stim-
uli on wound healing in the context of Golgi inhibi-
tion will reveal how important the Golgi positioning
is in this process. However, it is still arguable that
these findings may not be consistent with in vivo
physiology, putting into consideration that there are
various environmental factors and cell types in-
volved in wound healing, which may override or
compensate for the lack of Golgi positioning. Be-
sides, in the absence of either golgin, the positioning
of Golgi apparatus was disrupted while the cyto-
skeleton remained intact. It is worth considering the
status of the cytoskeleton architecture indepen-
dently of Golgi, as the cytoskeleton is involved



CRITICAL REVIEW 91

directly in defects in epidermal migra-
tion.? A potentially important therapeu-
tic opportunity presented by targeting
Golgi will require further understanding
the mechanisms that disrupt its normal
function, and the effects of loss of ex-
pression or modification of Golgi compo-
nents. Although an interesting advance
is presented here, we are still a long way
from understanding the implications of
these findings for clinical wound care.

FUTURE DEVELOPMENTS
OF INTEREST

The future of Golgi research requires
better understanding of its assembly and
orientation within the cell and includes
the controlled and reversible release of
functional proteins from aggregates based
on ligand-induced oligomerization.'®%°
This will be necessary to distinguish
anterograde from retrograde vesicular
transport and to rapidly activate or inac-

tivate the function of a targeted protein within the

TAKE-HOME MESSAGES

Basic science advances

Depletion of either Golgi structural components Golgin-160 or GMAP210
impairs its positioning in the axis of migration. The secretion rates and the
cytoskeleton networks were unaffected, which argues strongly for a primary
role for Golgi positioning in wound response.® Thus, Yadav et al. have elegantly
shown that directional secretion of Golgi apparatus is a critical component of
cell polarity and motility.

Clinical science advances

The positioning of Golgi apparatus is centered downstream of the wound
healing signaling pathways. It is a hallmark of cell polarization in effective
wound healing. Genetic skin disorders and open wounds,'? which are due to
impaired upstream Golgi effectors, should benefit from targeting Golgi posi-
tioning and the directed secretion.

Relevance to clinical care

The positioning of the centrosome-Golgi complex within a 180° arc in the
axis of migration is crucial for effective healing. Unmasking the mechanisms
that polarize Golgi secretion will be central for wound healing enhancement and
treatment of disorders that require directed secretion toward the wound edge.
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“I could feel my own wound but not those of others.”®!
—Jean Nicolas Arthur Rimbaud
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