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Hyaluronic acid receptor is a glycoprotein of the plasmatic 
membrane, and the CD44 is its representative, expressed in 
many cell types where it has the task of cell adhesion. Aim:
the goal of the present experimental study is to investigate 
the possibility of using immunohistochemistry to identify the 
distribution of hyaluronic acid along the vocal fold. Materials 
and Methods: We resected the normal vocal folds from a 
normal 23 year-old male black individual. The slides were 
analyzed by means of a histomorphometric study, comparing 
the color intensity in the superficial, middle and deep 
layers of the lamina propria. In the silanized slides we used 
immunohistochemistry, and evaluated the slides under light 
microscopy with 40x magnification, and the color changed 
to brown when there was a reaction with the receptor for 
hyaluronic acid. Results: Immunohistochemical findings 
showed the presence of hyaluronic acid receptors in the 
epithelium covering the vocal fold, being more concentrated 
in the central region of the vocal fold. Conclusion: 
immunohistochemistry, used to assess the distribution of 
hyaluronic acid receptors in the central portion of the vocal 
fold, proved it to be present in the vocal fold epithelium and 
it prevailed in its middle third. 
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INTRODUCTION

Phonation is the most recent function in laryngeal 
phylogenesis; it uses the same anatomical structures as 
breathing and swallowing, but requires increased central 
nervous system control.

The physiology of sound production by the vocal 
folds (VFs) is intimately related with the features of the 
lamina propria (LP).

A histological description of the vocal fold (VF) 
structure includes the following layers: a superficial layer, 
also named Reinke’s space, which is formed by loosely 
organized elastic and collagen fibers; an intermediate layer, 
formed by a larger amount of elastic and collagen fibers; 
and a deep layer in the LP, formed by a larger amount of 
collagen fibers laid parallel along the long axis of the VFs. 
The intermediate and deep layers of the LP together form 
the vocal ligament. The body-cover theory was developed 
based on the trilaminar structure of the LP; it is correlated 
with VF vibration according to the distribution of elastic 
and collagen fibers.1

The VF mucosa is lined by ciliated squamous pseu-
dostratified epithelium on the vestibular and intraglottic 
aspects; nonkeratinizing stratified epithelium lines the free 
or medial contact surface.

The VF lining (formed by epithelium and the surface 
layer of the LP) vibrates over the deeper layers of the LP 
(vocal ligament and vocal muscle) forming the mucous 
wave of VFs.2

Freedom of movement of the VF lining depends on 
the status of the LP, which in turn depends on the structure 
of the extracellular matrix (ECM) and the distribution of 
proteins. Both affect the voice quality.

The ECM contains stable macromolecular com-
plexes, which are formed by various structures that are 
produced within and exported from cells. These macro-
molecules modulate tissue structure, biomechanics and 
physiology, which are closely related with the quantity 
of vibrating tissue.3

Hyaluronic acid (HA) is a high molecular weight 
non-sulphated glycosaminoglycan (GAG) that is synthesi-
zed on the plasmatic membrane by an enzyme complex of 
various cell types; it is the main GAG in connective tissues 
and is released out of cells as it is produced.4-6

HA in VFs promotes adequate viscoelasticity of 
the LP so that the mucous wave may be formed during 
phonation. HA also cushions impact, protecting the LP 
from trauma caused by the constant VF contact during 
phonation. Additionally, HA preserves tissue viscosity 
and elasticity, thus maintaining the energy threshold and 
control of the fundamental frequency.5-8

HA is distributed in the basal membrane and the 
vocal muscle; it is absent in the VF epithelium, as revealed 
in histochemical studies of rabbit larynxes by means of 
specific binding proteins.9

The HA receptor is a cell plasmatic membrane 
glycoprotein, the main one being the CD44 receptor.10

These receptor isoforms are extremely heterogeneous in 
the primary structure. It is believed that such a complex 
structure is important for its functions, such as cell-cell 
and cell-ECM interactions.11

The CD44 receptor, when acting as a cell adhesion 
receptor, is expressed in various cell types, including 
lymphocytes, myeloid cells, fibroblasts, retinal cells and 
glial cells of the central nervous system.11

HA-degrading enzymes may inhibit cell aggregation 
in various cells types. Studies have shown that receptors 
recognize the sugar sequence in HA; they may bind with 
low affinity to chondroitin sulphate, but not to another 
GAG.10

The HA-removing mechanism is proportional to the 
concentration of CD44 receptors. These receptors allow 
HA-binding to cell surfaces; HA may also be carried into 
cells, where it is degraded by lisosomal enzymes.12

Epithelial tissue receptors are preferentially expres-
sed in proliferating cells.10

An elevated concentration of HA and CD44 is 
related with the genesis of tumors; CD44, therefore, is 
considered as a tumor marker, mostly for urologic and 
breast cancers.11

Studying the concentration of HA and its recep-
tors across VF layers is important for understanding its 
functions and for comparison purposes with studies of 
altered VFs.

The purpose of this experimental article was to in-
vestigate the possibility of using an immunohistochemical 
method for identifying the distribution of HA receptors 
across human VFs.

MATERIAL AND METHOD

The Research Ethics Committee analyzed and ap-
proved the research project (CEP: 1298/04); the medico-
legal authorities also gave their approval. Following this 
process, the study was started.

Based on medico-legal guidelines, ten VFs were 
harvested from five male cadavers aged between 20 and 
40 years; three were white and two were black. Death 
was by firearms. Individuals that had been subjected to 
tracheal intubation, that had neck trauma and over 12 
hours of death, were excluded from the study.

Access was by an anterior cervicotomy, which made 
it possible to identify the laryngeal structure. The pharyn-
geal lumen was incised supraglottically, for identifying the 
glottic area. The larynx was dissected from neighboring 
structures and removed from the cadaver after being se-
parated from the trachea, between the second and third 
cartilaginous ring.

The posterior larynx was incised in the interaryte-
noid muscles and the cricoid cartilage. A macroscopic exa-
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mination was made of the exposed VFs to exclude those 
with injuries, hematomas, hemorrhage or other signs of 
trauma. VFs with no macroscopic lesions were measured 
and dissected from the thyroid cartilage, along the inter-
nal perichondrium. After removal, the VFs were fixed on 
a wood surface, preserving the anatomical distances by 
means of pins to avoid tissue retraction or torsion. The 
muscles were used as fixation points for preserving the 
epithelium and the LP.13,14

A 0.9% saline solution in individual flasks was used 
for transporting the VFs from the medico-legal facility to 
the laboratory, to avoid VF dehydration.

VFs that presented any microscopic alterations 
were discarded. A DF Vasconcelos 9000 microscope, at 
40 times magnification, was used for this analysis. After 
this analysis, the VFs of a 23-year-old black individual 
were considered as normal and the right VF was randomly 
chosen for this study.

The VF was fixated in a buffered 10% formaldehyde 
solution. Repeated baths in pure ethyl alcohol were used 
for tissue dehydration. Xylol and paraffin baths were done 
until the VFs were paraffined.

Cross-sectional cuts were made in nine areas, in 
1 mm intervals, for a complete analysis of the VF. These 
segments went from the anterior VF border, named region 
1, to the vocal process of the arytenoid cartilage, named 
region 9. All nine segments were included in different pa-
raffin blocks. Each block was numbered according to its 
position in the VF, for identification purposes.

Four 4-micrometer thick sections were made of each 
VF segment for the histological and immunohistochemical 
slides. Three sections were stained with hematoxyllin-eosin 
(HE), Masson’s trichrome and Alcian Blue; the fourth 
section - in previously silanized slides - was used for the 
immunohistochemical study. HE and Masson’s trichrome 
slides were used for histological orientation purposes. 
Polyclonal antibodies against the HA-binding protein, 
obtained from freeze-dried bovine nasal cartilage (manu-
factured by USBiological lab) were used.

A histomorphometric investigation was made of 
the slides; this involves comparing color intensity in the 
superficial, middle and deep LP layers.

The field of study in the superficial layer was the 
area next to the base membrane. The field of study in the 
middle layer was the areas next to the muscle plane; the 
field of study in the deep layer was the middle portion 
of the LP.

Optic microscopy (40 X magnification) was used 
in observing the silanized slides for the immunohistoche-
mical study. Reaction with HA receptors was seen as a 
brown color.

Slide images were digitized using a Sony Hyper 
HAD digital camera coupled to an optic microscope (La-
boval 4) at 400 X magnification. The DIRACOM3 software 

(currently renamed Imagelab 2000) was used for proces-
sing the still images.13,14

A descriptive analysis was made of the results.

RESULTS

Table 1 shows the amount of HA found in the LP 
of VFs as measured by Alcian Blue staining. Values are 
shown according to the VF area and the LP layer that was 
investigated. These values are percentages of the color 
area selected by the Imagelab 2000 software compared 
to the area of the original image.

Table 1. Percentage of the color blue in Alcian Blue-stained slides, 
for the superficial, middle and deep VF layers.

Areas
Superficial

Layer
 Middle Layer  Deep Layer

 1  2,4  23,6  21,7

 2  3,1  23,0  33,7

 3  1,4  12,0  9,1

 4  1,1  9,1  8,9

 5  2,0  8,6  9,4

 6  1,3 10,0  9,6

 7  1,0  10,4  9,3

 8  2,9  20,3  18,8

 9  1,4  23,5  23,0

Values for the middle and deep VF layers were 
higher compared to those of the superficial layer. This 
distribution was seen across the VF; lower values were 
seen in the central VF area, relative to the anterior and 
posterior areas, in which the maculae flavae are located 
(Figures 1, 2 and 3).

Figure 1. Anterior macula flava - Alcian Blue stained slide
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Figure 2. Middle VF area - Alcian Blue stained slide.

Figure 3. Posterior macula flava - Alcian Blue stained slide.

Figure 4. Area of the posterior macula flava - Immunohistochemical 
method showing absence of epithelial cells (which are stained in 
brown).

Figure 5. Middle VF area - Immunohistochemical method showing 
multiple epithelial cells stained brown.

Immunohistochemical findings revealed HA recep-
tors in the VF lining epithelium, concentrated mostly in the 
central region of VFs (areas 4, 5 and 6); a few cells were 
also found in other areas of the epithelium. Receptors were 
absent in the LP layers of VFs (Figures 4, 5 and 6).

DISCUSSION

VFs are complex trilaminar structures composed of 
epithelium, connective tissue, striate muscle, nerves and 
blood vessels.15

The importance of the LP in voice production may 
be appreciated in clinical practice when anatomical chan-
ges and secondary injury affect LP vibration, resulting in 
dysphonia.16

HA and other macromolecules found in the ECM 
of the LP are important for the mechanical and biological 
properties of VFs.

Among its functions, HA decreases the dynamic 
viscosity, which makes it possible to produce sound at 
high frequencies at a lower energy threshold.8

Knowing the distribution and concentration of HA 
across VFs is necessary for understanding its physiology. 
Most of the studies so far have analyzed only the middle 
third of the membranous portion of VFs.

Studies on the concentration and distribution of HA, 
done by using an HA-binding probe isolated from bovine 
nasal cartilage as a marker, have revealed that HA is pre-
sent at higher concentrations in the anterior and posterior 
maculae flavae, in the middle layer of VFs, around the 
muscle fibers and in the capsule of glands.9,17
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Maculae flavae are composed of elastic fiber bun-
dles, and are an extension of the middle layer of the LP 
of VFs. These structures protect the vocal ligament from 
mechanical injury by acting as shock absorbers of impact 
resulting from VF vibration. It was later found that macu-
lae flavae were composed of collagen fibers, fibroblasts 
and other extra-cellular substances, and that they had an 
important role in VF growth and development. Maculae 
flavae appear to form collagen and elastic fibers, and other 
ECM components, supporting HA function.15

HA is present around vocal muscle fibers for lu-
brication purpose, facilitating rapid movements. These 
movements are necessary for the larynx to protect the 
lower airways during swallowing.9

The HA receptor belongs to a group of plasmatic 
membrane proteins that supports interactions between the 
cell surface and ECM components. Other members of this 
group are the fibronectin, collagen, laminin and heparan 
sulphate receptors. The combined effect of these compo-
nents gives rise to the cell’s adhesive properties.10

There is evidence of HA receptor expression in 
proliferating cells, such as those found in the crypts of 
Lieberkuhn along the colonic wall, as well as in stratified 
epithelium such as the tongue, the esophagus and the 
epidermis of hamsters. HA receptors have not been found 
in other types of epithelium such as corneal and stomach 
mesothelial cells.10

Studies of 3T3 cells in which growth was inhibited 
by contact with other cells in high cell density popula-
tions revealed that HA receptors were highly expressed 
in growing cells, and were less expressed in cell groups 
with no growth.10

The relation between CD44 expression and the ab-
sence of HA in the formation of pillous follicles suggests, 

but does not prove, that CD44 expression causes mesen-
chimal cells and macrophages to degrade HA.12

In our study we did not present the specific reac-
tions for HA; however, histology with Alcian Blue yielded 
similar results to those found by using a technique specific 
for detecting GAG. Immunohistochemical HA receptor 
findings were similar to other studies using a similar tech-
nique, although we investigated only a single VF.9-12,17

It appears that a higher concentration of HA re-
ceptors in the central area of VFs occurs due to increased 
local cell proliferation, which in turn takes place because 
of the increased level of contact between VFs.

The inversely proportional concentration of HA 
and its receptor along VFs has been reported in other 
studies. The macula flava contains more HA, which acts 
as a cushion for absorbing impact, given its hydrophilic 
properties; there is, consequently, a lower concentration 
of receptors in this area, which facilitates the penetration 
of components to the LP of VFs.

Studies on the physiology and the components of 
the LP of VFs are important in the treatment of minimal 
structural alterations, which surgery is not able to correct. 
The disorganization of amorphous structures of the LP 
remains even after surgery, which causes altered vibrations 
of the mucous wave to persist.

Understanding the composition and function of the 
ECM across the various VF layers is necessary for develo-
ping novel future therapy.

CONCLUSION

The immunohistochemical technique makes it pos-
sible to assess the distribution of HA receptors in human 
VFs.

REFERENCES

1. Hirano M. Phonosurgery: basic and clinical investigations. Otologia 
Fukuoka 1975;21:239-45.

2. Hirano M, Karita Y, Ohmaru K, Kurita S. Structure and mechanical 
properties of vocal fold. Speech Lang 1982;7:271-97.

3. Gray SD, Titze IR, Alipour F, Hammond TH. Biomechanical and his-
tologic observations of vocal fold fibrous proteins. Ann Otol Rhinol 
Laryngol 2000;109:77-85.

4. Hammond TH, Zhou R, Hammond EH, Pawlak A, Gray SD. The 
intermediate layer: a morphologic study of elastin and hyaluronic 
acid constituents of normal human vocal folds. J Voice 1997;11(1):59-
66.

5. Ward PD, Thibeault SL, Gray SD. Hyaluronic acid: is role in voice. J 
Voice 2002;16(3):303-9.

6. Butler JE, Hammond TH, Gray SD. Gender-related differences of 
hyaluran acid distribution in the human vocal fold. Laryngoscope 
2001;111(5):907-11.

7. Hammond TH, Zhou R, Hammond EH, Pawlak A, Gray SD. The 
intermediate layer: a morphologic study of the elastin and hyaluronic 
acid constituents of normal human vocal folds. J Voice 1997;11:59-
66.

8. Chan RW, Gray SD, Titze IR. The importance of hyaluronic acid in vo-
cal fold biomechanics. Otolaryngol Head Neck Surg 2001;124(6):607-
14.

Figure 6. Area of the anterior macula flava - Immunohistochemical 
method showing few epithelial cells, stained in brown.



206

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (2) MARCH/APRIL 2008
http://www.rborl.org.br  /  e-mail: revista@aborlccf.org.br

9. Hallen L, Johansson C, Laurent C, Dahlqvist A. Hyaluronan localization 
in the rabbit larynx. Anat Rec 1996;246(4):441-5.

10. Alho AM, Underhill CB. The Hyaluronate receptor is Preferentially 
expressed on Proliferting Epithelial Cells. J Cell Biol 1989;108:1557-
65.

11. Iida N, Bourguignon LYW. Coexpression Variant (v10/ex14) and 
CD$$ in Human Mammary Epithelial Cells Promotes Tumorogenesis. 
J Cell Physiol 1997;171:152-60.

12. Underhill CB. Hyaluronan is Inversely Correlated with the Expression 
of CD44 in the Dermal Condensation of the Embryonic Hair Follicle. 
J Invest Dermatol 1993;101(6):820-6.

13. Neves LR. Técnica imunohistoquímica no estudo da distribuição e 
quantificação do colágeno na lâmina própria da prega vocal. Tese 
(Mestrado)- Universidade Federal de São Paulo. Programa de Pós-

graduação em Otorrinolaringologia e Cirurgia de Cabeça e Pescoço. 
São Paulo, 2004.

14. Ramos HVL, Neves LR, Barbosa LHF, Biase NG, Oshima CTS, Simões 
MJ, Pontes, PAL. Imunohistoquímica como método de estudo das 
fibras elásticas em prega vocal humana. Rev Bras Otorrinolaringol 
São Paulo 2005;71(4):486-91.

15. Hirano M. Structure of the vocal fold in normal and disease states 
anatomical and physical studies. ASHA Rep 1981;11:11-30.

16. Pontes P, Behlau M, Gonçalves MI. Alterações estruturais mínimas 
da laringe: considerações básicas. Acta AWHO 1994;13(1):2-6.

17. Lebl MA. Estudo da concentração e disposição do ácido hialurônico 
em pregas vocais humanas. Tese (Mestrado) - Universidade Federal 
de São Paulo. Programa de Pós-graduação em Otorrinolaringologia 
e Cirurgia de Cabeça e Pescoço. São Paulo; 2004.


