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Abstract 

Reinke’s edema is a benign disease of the
human vocal fold, which mainly affects the
sub-epithelial layer of the vocal fold. Micro -
scopic observations show a strongly oedema-
tous epithelium with loosened intercellular
junctions, a disruption of the extracellular con-
nections between mucosal epithelium and
connective tissue, closely adherent to the thy-
roarytenoid muscle. Thickening of the basal
layer of epithelium, known as Reinke’s space,
high deposition of fibronectin and chronic
inflammatory infiltration it is also visible. We
analyzed, together with the hepatocyte growth
factor (HGF), the expression level of MIB-1 in
samples harvested from patients affected by
Reinke’s edema, in order to define its biologi-
cal role and consider it as a possible prognos-
tic factor in the follow-up after surgical treat-
ment. We observed a moderate expression of
HGF in the lamina propria of the human vocal
fold and in the basal membrane of the mucos-
al epithelium. Our finding suggests that this
growth factor acts as an anti - fibrotic agent in
Reinke’s space and affects the fibronectin dep-
osition in the lamina propria. MIB-1, on the
contrary, showed a weak expression in the
basement membrane of the mucosal epitheli-
um and a total absence in the lamina propria
deep layer, thus suggesting that only the
superficial layer is actively involved in the
reparatory process with a high regenerative
capacity, together with a high deposition of
fibronectin. The latter is necessary for the cel-
lular connections reconstruction, after the
inflammatory infiltration.

Introduction

The human vocal fold can be divided into
five different layers: squamous epithelium,
lamina propria (superficial, intermediate and

deep layers) and the thyroarytenoid muscle.1-3

The lamina propria is uniquely responsible
for vibration of the vocal fold.4-6 The superficial
layer of the lamina propria, also known as
Reinke’s Space, plays a relevant role in produc-
tion and quality of the voice, since its tension
and structural integrity determine the vibrato-
ry characteristics of the human vocal fold.
Madruga de Melo et al.4 described the specific
orientation of collagen type I and III in the lam-
ina propria. These authors report a narrow
band of type I collagen in the superficial layer,
a middle layer composed of type III and, within
the muscle into the deep, an intertwining of
types I and III. Collagen assessment in the nor-
mal vocal folds was defined by Madruga de
Melo et al.4 as an intertwined network forming
a wicker basket, necessary to stabilize the lam-
ina propria of the human vocal fold during
vibration. Collagen type I and III (also known
as reticular fibres),5 mainly constitute the fib-
rillar collagen network in the human vocal fold
lamina propria.4,5 The arrangement of collagen
fibres in the lamina propria of the human vocal
fold confers resistance to muscle contraction
and allows elongation in voice modulation,
particularly in the superficial layer, the most
important compartment involved during vibra-
tory function. Any alteration in the composi-
tion of the extracellular matrix (ECM) of
Reinke’s space causes changes in quality of
vocal fold function, leading to pathological phe-
nomena such as disphonia or dispnea.7

Reinke’s edema is a benign lesion charac-
terized by swelling of the non-muscle compart-
ment of the vocal fold situated beneath its sur-
face lining, especially in the superficial layer of
the lamina propria. This swelling leads to
Reinke's space being enriched with an excess
of exudative fluid drained from the sub-epithe-
lial tissue to the epithelium: this determines
widening of the intercellular compartments
and spreading out of inflammatory cells and
fibroblasts, thus reducing vocal fold vibration
and quality of voice production.2,8-12 Microscopic
investigations show an oedematous epitheli-
um with loosened intercellular junctions and
widening of intercellular spaces, especially in
the basal membrane.13 The most frequent aeti-
ological factor in Reinke’s edema is smoking.14

In fact, all the patients we examined were
found to be heavy smokers. 

As we previously described,15 Ki67 is a cell
proliferation marker, utilized as a prognostic
factor in the follow up of many neoplastic
lesions, therefore our purpose was to analyze
the expression level of MIB-1 (anti-Ki67) in
the Reinke’s edema samples, with the purpose
of evaluate its biological role in this disease
and its diagnostic application. 

The hepatocyte growth factor (HGF) is a cel-
lular growth, motility and morphogenetic fac-
tor acting primarily upon epithelial cells and

endothelial cells, but also on haemopoietic pro-
genitor cells.16 It has a major role in embryonic
organ development, in adult organ regenera-
tion and in wound healing, with a strong anti-
fibrotic action, improving hyaluronic acid pro-
duction and decreasing collagen release by
fibroblasts in Reinke’s space. This occurrence
leads to morphological and functional changes
in this cell population.17,18

Hence, the final objective of our experimen-
tal study was to analyze the functional role and
the localization of MIB-1 (anti-Ki67) in the
oedematous tissue, in order to consider it as a
possible prognostic marker after surgical treat-
ment and to ascertain a possible correlation
between MIB-1 (anti-Ki67) and HGF in the
development of Reinke’s Edema. 

Materials and Methods  

Patients
We analyzed the surgical biopsies of 15

patients with Reinke’s edema and 5 samples
from normal vocal (referred to as negative con-
trols) and 5 samples as positive controls
(brain, melanoma, liver). Reinke’s edema
samples and negative control tissues were sur-
gically removed from the patients and
processed for immunohistochemical analysis.
Experiments were performed in compliance
with the Italian laws and guidelines concern-
ing the informed consent of the patients. The
following molecules were investigated: HGF,
fibronectin and MIB-1 (Ki67 antigen).

Immunohistochemical analysis 
Surgical samples of Reinke’s edema were

washed in PBS, fixed in 10% formalin and rou-
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tinely embedded in paraffin. Serial 5 µm thick
sections were obtained using a rotatory micro-
tome, mounted on gelatin-coated slides and
processed for immunohistochemistry. The fol-
lowing antibodies were used: i) HGF, a rabbit
polyclonal antibody raised against amino acids
32-176 of HGFα of human origin. (Santa Cruz,
CA, USA, at a final dilution 1:100); ii)
fibronectin, a mouse monoclonal antibody
raised against a region in the ED-A domain of
cellular  Fibronectin of human origin (Santa
Cruz, CA, USA, at a final dilution 1:100); iii)
MIB-1, a rabbit polyclonal antibody raised
against amino acids 2641-2940 mapping at the
C-terminus of Ki-67 of human origin (Santa
Cruz, CA, USA, at a final dilution 1:100).
Incubation with primary antibodies was per-
formed overnight at 4°C at a final concentra-
tion of 2-5 μg/mL. Optimal antisera dilutions
and incubation times were assessed in a series
of preliminary experiments. After exposure to
the primary antibodies, slides were rinsed
twice in phosphate buffer and then incubated
(1 h and 30 min at room temperature) with the
appropriate secondary antibodies against rab-
bit (anti-rabbit for Fibronectin and HGF
immunohistochemistry; Boehringer Mann -
heim GmbH, Mannheim, Germany) and
against mouse (anti-mouse for MIB-1/Ki67
immunohistochemistry; Sigma Chemical Co.,
St. Louis, MO, USA), conjugated to horseradish
peroxidase (HRP) at a final dilution 1:100).
After a further wash with phosphate buffer,
slides were treated with 0.05% 3,3-diamino -
benzidine and 0.1% H2O2. Finally, sections
were counterstained with Mayer's hematoxylin
and observed by using a light microscope. In
order to block endogenous peroxidase activity,
slides were pre-treated with 3% H2O2, whereas
the non-specific binding of immunoglobulin to
glass and tissue (background) was prevented
by adding 3% fetal calf serum to the incubation
medium. Negative control experiments were
done: i) by omitting the primary antibody; ii)
by substituting the primary antibody with
equivalent amount of non-specific immuno -
globulin; iii) by pre-incubating the primary
antibody with the specific blocking peptide
(antigen/antibody = 5 according to customer’s
instructions). 

Results

Immunohistochemistry
Immunoreactivity for fibronectin, MIB-1 and

HGF was described in Reinke’s edema sam-
ples, compared to the negative controls (nor-
mal vocal fold biopsies) and positive controls
(data not shown) (Table 1). In Reinke’s edema
samples, HGF showed a moderate expression

(+) in the lamina propria (lp) superficial and
intermediate layers, as revealed in the
endothelial cells (+) (en) of the human vocal
fold (Figure 1a), while a weak level (+/-) was
observed in the epithelium (e), thus confirm-
ing its anti - fibrotic activity (Figure 1a). 

Figure 1b shows the human normal vocal
fold, considered as the negative control. MIB-1
(anti-Ki67) in Reinke’s edema samples
revealed a weak expression (+/-) in the
mucosal epithelial layer (e), but a total
absence in the lamina propria (lp) superficial
and intermediate layers, as well as in vessels

endothelium (en): this suggests that only the
basal membrane is active in the reparative
process with high regenerative capacity,
together with a high fibronectin deposition
(Figure 2a). In Figure 2b we showed the
human normal vocal fold, considered as the
negative control. At last, Reinke’s edema sam-
ples revealed a strong fibronectin expression
(+++) in the lamina propria (lp) superficial
and intermediate layers, relevant (++) in the
endothelium (en), while a moderate immuno -
staining (+) was observed in the epithelium
(e) (Figure 3a), as in the normal vocal fold,
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Table 1. Reinke’s edema.

Fibronectin HGF MIB-1

Epithelium + ± ±
Lamina propria +++ +
Endothelium ++ +

±: weak immunoreactivity; +: moderate immunoreactivity; ++: relevant immunoreactivity; +++: strong immunoreactivity.

Figure 1. a. Micrograph of representative HGF immunostaining in sections of Reinke’s
edema. HGF shows a weak expression level in the mucosal epithelium (e); it is also visi-
ble a moderate expression signal in the lamina propria (lp), as revealed on the endothelial
layer (en). b. Micrograph of human normal vocal fold, considered as negative control.
Bar: 25 µm.

Figure 2. a. Micrograph of representative MIB-1 immunostaining in sections of Reinke’s
edema. MIB-1 (anti Ki67) demonstrates a weak expression in the mucosal epithelium (e),
while a total absence in the lamina propria (lp) and on the vessel endothelium (en). b.
Micrograph of human normal vocal fold, considered as negative control. Bar: 25 µm.
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thus confirming that Reinke’s edema is a
pathological condition mainly characterized by
a chronic fibrotic process, coupled with an
excessive extracellular matrix deposition and
a strong collagen fibres disarrangement, a
high fibroblasts proliferation rate1,8,9,19 and
fibronectin release, compared to the normal
vocal fold architecture, as shown in the nega-
tive control (Figure 3b).

Discussion

Reinke’s edema is a pathological condition
characterized by a chaotic distribution of short
connective fibres and excessive presence of
ECM in the Reinke’s space. This means that an
optimal relation between the arrangement of
elastic/collagenous fibres and the amount of
ECM is essential for a normal vibratory and
phonatory function.22 Reinke’s edema shows a
total structural disarrangement of the collagen
fibres architecture in the sub-epithelial layer of
the lamina propria, with consequent loss of
integrity of the vocal fold function during
phonation, main cause of dysphonia.1,8,9,19,20 The
lamina propria is formed by a wide variety of
extracellular components, such as elastic and
collagen fibres, glycosaminoglycans, glycopro-
teins and water. These fibres (mainly collagen
type I and III) are concentrated in the superfi-
cial layer, closely to the basal membrane of the
epithelium (organized in a highly defined net-
work of intertwined fibres, forming a wicker
basket) and in the deep layer, more densely
intertwined, located parallel to the thyroary-
tenoid muscle.3,6 The lamina propria is also
formed by three different cell populations: in
the deep layer, fibroblasts (due to the constitu-
tive epithelial regeneration and repair); in the
superficial layer, myofibroblasts and macro -
phages (involved in the inflammatory response
to inhalants).6 Fibroblasts produce elastic and
collagenous fibres as well as intercellular com-
ponents, including glycosaminoglycan,
mucopolysaccarides, elastin and fibro nectin.21,22

Fibroblasts contribute in maintaining the cor-
rect viscosity and elasticity of the vocal folds, so
that any structural and functional alteration of
the vocal folds is directly related to the fibrob-
last shape and biological activity.

Reinke’s edema is also characterized by an
altered vascular permeability resulting in an
increase of exudative fluid in the extracellular
compartment (main cause of vocal fold
swelling), absence of neo-angiogenetic
process, high fibroblast proliferation rate,
chaotic disarrangement of collagenous and
elastic fibres, excessive deposition of extracel-
lular matrix and a chronic inflammatory infil-
tration, with a strong macrophages activation,
especially in the basal membrane of the vocal

fold.1,8,9,19

HGF is a growth factor that has a major role
in adult organ regeneration and in wound
healing, with a strong anti-fibrotic action,
leading to a functional fibroblasts alteration
and a reduction in collagen and fibronectin
release16 by fibroblasts in Reinke’s space. The
latter activity leads to morphological and func-
tional changes in this cell population.17,18

Hirano et al.17 described the presence of HGF in
the Reinke’s space, responsible for the
increase of hyaluronic acid and decrease of
collagen I by fibroblasts in wound repairing
processes, without affecting the fibronectin
deposition. HGF also induces morphological
changes in the fibroblasts from an oval to a
stellate shape, including a major development
in the Golgi apparatus and rough endoplasmic
reticulum.17 In our observations, we found a
moderate HGF expression in the superficial
and intermediate layers of the human vocal
fold lamina propria, as revealed in the
endothelial cells of the human vocal fold,
whereas a weak level was observed in the basal
membrane. This confirms that anti-fibrotic
activity of this factor, in contrast with the col-
lagen production, is stimulated by the fibro -
blasts present in the inflammatory area of
Reinke’s edema, without affecting the
fibronectin deposition in the lamina propria.
MIB-1 (anti-Ki67) in our experiments showed,
on the contrary, a weak expression level only in
the basal membrane, but it was totally absent
in the intermediate and deep layers of the lam-
ina propria, as well as in the vessel endotheli-
um, thus suggesting that only the basal mem-
brane is actively involved in the repairing
process with a high regeneration capacity, cou-
pled with a high fibronectin deposition, neces-
sary in the reconstitution of the intercellular
connections, following the inflammatory infil-
tration. Fibronectin, on the other hand,
remained strongly expressed in the superficial
and intermediate layers of the lamina propria,

with a remarkable level detected in the vessel
endothelium.  It also showed a moderate
immunostaining in the epithelial layer of the
human vocal fold, thus confirming its function-
al role in the repairing process during the
inflammatory response.

However, Reinke’s edema rarely tends to
form precancerous lesions: the absence of a
neo-angiogenic network (due to a generally
altered vessel permeability and endothelial
junctions), the chronic inflammatory infiltra-
tion, the presence of edematous tissue with a
total disarrangement of collagenous and elas-
tic fibres, and the high fibroblastic prolifera-
tion (in contrast to the anti-fibrotic activity of
HGF) do not allow the cancer cells spreading
out, which require a more favorable microenvi-
ronment to their growth and transformation.

Finally, our study revealed that MIB-1 (anti-
Ki67) should not be considered a reliable prog-
nostic factor, although more investigations are
necessary to clarify the biological and func-
tional role of MIB-1 and HGF in the develop-
ment and maintenance of Reinke’s edema.
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