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SUMMARY

Nail consistency is a little studied characteristic
of the nail plate. Numerous factors can influence
its determination, including the anatomy of the
nail apparatus, the structure of the nail plate, and
the type and quantity of keratins present. To study
the relationship between nail consistency and the
expression level of type I keratins, a sample was
chosen of 32 individuals in the same age group
(49.94 + 3.38 years), 18 with hard consistency
nails and 14 with soft consistency nails, with
the same number of individuals for each gender.
Two buffers with different concentrations of
reducing agent (50mM and 200mM) and two
antibodies to various type [ keratins were
analyzed by immunoblotting. The mean extracted
protein concentration at 50mM was significantly
higher than 200mM
(p-value<0.001). The expression level obtained
with the AE13 antibody did not vary with gender
or nail consistency (p-values>0.942). With the
cytokeratin 17 antibody (CTK17), no differences
were found by gender (p-value=0.341). However,
significant differences were established between
hard-consistency and soft-consistency nails
(p-values<0.007) for the two concentrations,

the concentration at

and between concentrations for soft consistency
nails (p-value=0.001). Hard-consistency nails
had a higher expression level of K17. Adding to
the elemental analysis between layers and the
flexural behavior of the nail plate studied reported
in previous studies, this work demonstrates that
nail consistency also depends on the quantity of
keratins expressed.
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INTRODUCTION

The nail apparatus is a complex, versatile
skin appendage (Haneke, 2006; Haneke, 2015)
of epidermic origin (McCarthy, 2004). It is
located dorsally in the distal phalanges of the
fingers and toes, which it protects (Runne et al.,
1981; McCarthy, 2004). In addition to epithelial
components, the nail apparatus includes
vascularization and innervation structures (Bas et
al., 1999; Fleckman et al., 2001; de Berker, 2013;
Haneke, 2015) with important sensorial and
temperature regulating functions (Haneke, 2006;
Haneke, 2015). Anatomically, it comprises the
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following principal elements: nail folds (proximal
and lateral folds), nail matrix, nail bed, nail plate,
eponychium and hyponychium (Fleckman et al.,
2001; Haneke, 2006; de Berker, 2013; Fleckman
et al., 2013; Haneke, 2015).The nail plate is made
up of tightly packed, anucleate keratinized cells
(Runne et al.,, 1981; Haneke, 2006) arranged
in three layers: the dorsal, intermediate and
ventral layers (Runne et al., 1981). The layers are
differentiated by the orientation of the keratin
filaments (Farren et al., 2004), the type of keratins
present, and the relative thickness of each layer
(Kobayachi et al., 1999). These and other factors
influence the mechanical functions of the human
nail plate and its physical characteristics of
toughness, strength, and flexibility (Young et al.,
1965; Finlay et al., 1980; Farren et al., 2004), and
are also likely to influence nail consistency.

Nail consistency is a characteristic of the nail
plate that is not routinely assessed during clinical
examination. However, changes in the color, shape
or thickness of the nail plate are important signs
assessed in podiatry practice, because they can
indicate systemic pathologies or nail disorders
(Shemer et al., 2013; Baraldi et al., 2015; Zaiac et
al 2015). We consider that when examining both
normal and pathological nails, consistency should
beoneofthemainfactorsassessedalongside color,
shape, and other characteristics. Soft, medium,
and hard consistency nails have been identified,
and their relative frequencies have been found to
vary with age, gender, and sports activity (Pérez
Picoetal.,2017; Pérez Pico et al., 2019). Moreover,
studies which develop a predictive mathematical
model for nail consistency based primarily on

Table 1. Keratin expression in human adult nail apparatus.

Typel
Epithelial
Proximal nail fold K10, K16, K17
Eponychium K10, K16, K17
Matrix K10, K14, K16,K17,K18,
Nail bed K10, K14, K16,K17
Nail plate K17
Hyponychium K10, K17
Digit pulp K16,K17
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the level of calcium in the dorsal layer of the nail
plate (Mingorance Alvarez et al., 2021) and which
analyze flexural behavior through fractional
modeling (Traver et al.,, 2021) strengthen the
hypothesis that nail consistency varies.

Keratins form the type of intermediate filament
characteristic of epithelial tissue (Woodcock-
Mitchell et al., 1982). They are very stable
filaments that provide integrity and mechanical
support to the epithelial cells (Runne et al., 1981).
Epithelial keratins are characteristic of epithelial
tissue, while hair keratins are the majority type
in cutaneous appendages (hair and nails). The
structural unit of the fold is the heterodimer
(Hatzfeld et al., 1990), a type I (acid) and a type
II (basic or neutral) amino acid chain (Moll et
al., 1982) assembled by the central a-helical
rod domain. This domain is fundamental in the
development of upper fold levels (coiled-coil
conformation), together with the existence of
disulfide bonds that keep the structure stable,
particularly in hair keratins (Gniadecka et al.,
1998). Human type [ Kkeratins are epithelial
(K9-10, K12-K20, K23-28) and hair (K31-K40),
and human type II keratins are epithelial (K1-
K8, K71-K80) and hair (K81-K86) (Schweizer
et al., 2006). Numerous studies have permitted
characterization of epithelial and hair keratin
expression patterns in the different elements
of the nail apparatus (Baden et al., 1984; Heid
et al.,, 1988; Moll et al.,, 1988; Westgate et al.,
1997; Waseem et al. 1999; de Berker et al., 2000;
McGowan et al., 2000; Perrin et al., 2004; Perrin,
2007; Perrin et al., 2011) some of them in human
adults (Table 1). The nail plate contains both

Type I1
Hair Epithelial Hair
K1, K6
K5, K6
K31, K34,K36,K38 K1, K5, K6, K7, K8, K81, K85, K86

K5, K6, K7,K75

K5
K6

Studies summarized from: de Berker, 2000; McGowan and Coulombe, 2000; Perrin et al., 2004; Perrin, 2007; Perrin et al., 2011.



epithelial and hair keratins (Lynch et al., 1986;
Heid et al., 1988; Kitahara et al., 1991), although
only 10-20% are epithelial, compared to a
majority of hair keratins (Lynch et al., 1986; Heid
etal., 1988).

Several factors may influence nail consistency,
including the anatomy of the nail apparatus, the
structure of the nail plate, and the type, quantity,
and assembly of the keratins present. However,
few studies have addressed nail consistency and
its determining factors. The main objective of this
work is to analyze the relationship between nail
consistency and the quantification of two type I
keratins present in the nail plate (the epithelial
keratin K17 and a 44-46 kDa hair keratin doublet)
and establish a new line of research to determine
whether nail consistency depends on the pattern
and/or relative quantity of the keratins expressed
in the nail plate.

MATERIALS AND METHODS

Permission and sample description

Permission for the study was obtained from
the University of Extremadura Bioethics
Committee (Reg. 116/2016). All participants
signed an informed consent form and after a
physical examination of their feet, they filled in
a questionnaire to provide the necessary health
information. Theinclusion criteriawere:aged 40to
55 years; no diagnosed disease capable of altering
nail structure and/or composition; no prescribed
medication described as altering nail structure
and/or composition; no behaviors or treatments
that alter the structure and/or composition of the
nails; following a Mediterranean diet.

The final sample comprised 32 adult individuals
(16 men and 16 women; 49.94 + 3.38 years), 18
with hard consistency nails and 14 with soft
consistency nails.

Nail consistency and sample collection

Trained personnel determined nail consistency
in vivo by applying manual pressure to the nail
edges in the lateral-medial and dorsal-ventral
axis after the foot had been exposed to room
temperature for 15 minutes, following the

methodology described elsewhere (Pérez Pico
et al., 2017). Nail clippers were used to collect
samples on the free edge of the first toe, without
exceeding the onychocorneal band. Nail samples
were immersed in an ultrasound cleaning bath
(Elma, Singen, Germany) to clean them and
remove skin cells, fibers and nail plate debris, and
samples were stored at -20°C until analysis.

Antibodies

As representatives of type I keratins, AE13 and
CTK17 antibodies were analyzed due to their
traditional use in the study of nail apparatus
keratins, and their relationship with symptoms
in the nail plate associated to hereditary human
diseases as paquioniquia congenita type 2,
respectively.

Mouse monoclonal antibody AE13, kindly
provided by Dr TT Sun (New York University),
recognizes a 44-46 kDa type I human hair keratin
doublet (Lynch et al., 1986). Mouse monoclonal
antibody CTK17 (sc-393091, Santa Cruz
Biotechnology, Heidelberg, Germany) recognizes
46 kDa type I human epithelial keratins. Mouse
monoclonal antibody GAPDH (sc-32233, Santa
Cruz Biotechnology, Heidelberg, Germany) was
used in 50mM 2-mercaptoethanol immunoblots
as loading control. Goat anti-mouse IgG (H+L)
HRP conjugate secondary antibody was obtained
from Advansta (San José, California, USA).

Extraction procedure, protein quantification
and immunoblot

Keratins were extracted following the
methodology described elsewhere (Kitahara
et al.,, 1991) for clipped nails. Because it was a
two-step sequential extraction procedure, two
different buffers were used: buffer I (50mM
Tris-HCI, 9M urea, 2mM phenylmethanesulfonyl
fluoride and 50mM 2-mercaptoethanol, pH 9)
and buffer II (200mM Tris-HCI, 9M urea, 2mM
phenylmethanesulfonyl fluoride and 200mM
2-mercaptoethanol, pH 9). Two extracts were
obtained from each sample with increasing
concentrations of 2-mercaptoethanol, one
containing 50mM, in which the epithelial keratins
were soluble, and the other containing 200mM,

in which the hair keratins were soluble (Kitahara
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et al,, 1991). Three independent repetitions of
the extraction procedure were performed with
each sample analyzed. The protein concentration
present in the extracts was quantified by the
Bradford colorimetric method (Bradford, 1976).

Because the molecular weight of the target
keratins was very similar (44-46kDa: AE13
antibody; 46kDa: CTK17 antibody),
necessary to perform independent immunoblots
for each antibody. A total of 3 ug of protein per
well was loaded in the immunoblots with the AE13
antibody and 10 ug with CTK17, to avoid problems
of membrane saturation and perform the
quantification in the linear range. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis was
performed under denaturing conditions (SDS-
PAGE) (Laemmli, 1970) using gels with 10%
acrylamide and electrophoresis buffer (25mM
Tris, 192mM glycine, 0.1% w/v SDS). Separated
proteins were transferred -electrophoretically
(40mV, for 4h, at 4°C) to nitrocellulose membranes
(GE Healthcare Life Sciences, Freiburg, Germany)
with Mini Trans Blot System (Biorad Laboratories,
Shanghai, China) using transfer buffer (25mM
Tris, 192mM glycine, 20% v/v methanol).

it was

Membranes were treated with blocking solution
(50mM Tris-HCl, 75mM NacCl, 0.2% (v/v) Tween-20,
pH 7.5, containing 10% (w/v) non-fat milk) for 2h
at room temperature, then incubated overnight
with primary antibodies AE13 and CTK17 (diluted
1:500 (v/v) in blocking solution) and GAPDH
(diluted 1:2000 (v/v) in blocking solution) at 4°C.
Because the extraction conditions with buffer II
(200mM) are incompatible with GAPDH protein
extraction, Ponceau S stain was used as loading
control rather than the GAPDH antibody (Fig. 1).
The membranes were then washed (Tris-buffered
saline buffer, pH 7.5, with 0.2% Tween-20) three
times, for 10 minutes each, and incubated with
goat anti-mouse IgG HRP conjugate secondary
antibody (diluted 1:10000 in blocking solution)
for 1h at room temperature. After four 10-minute
washes, HRP chemiluminescent substrate
Pierce ELC (Thermo Scientific, Rockford, Illinois,
USA) was added for the membranes with the
AE13 and CTK17 antibodies, and Clarity Max
(Biorad Laboratories, Segrate, Italy) for GAPDH
membranes. exposed to

Membranes were

Hyperfilm ELC (Amersham, Buckinghamshire,
UK). Developed films were scanned and band
signaling was measured using ImageJ software
(http://rsbweb.nih.gov/ij/).  The
results were obtained from three independent
repetitions.

immunoblot

Statistics and variables

Statistical treatment was performed using
IBM SPSS Statistics for Windows, Version 22.0
(IBM, Armonk, New York, USA). Normality
was assessed by the Kolmogorov-Smirnov and
Shapiro-Wilk tests. The paired sample T-test and
the independent sample T-test were performed.
For the two extraction conditions tested (50mM
and 200mM), the variables analyzed were
mean extracted protein concentration, mean
quantification of the expression level with the
AE13 antibody, and mean quantification of the
expression level with the CTK17 antibody. To
compare the extracted protein concentrations and
the mean quantifications of the expression level
for each antibody, the differences obtained under
each extraction condition tested were analyzed.
In all analyses the significance level was 0.05.

RESULTS

The three independent repetitions of protein
extractions performed at 50mM showed a higher
median (3.07, 3.81 and 4.01) and range (4.03, 3.95
and 4.40) than extractions performed at 200mM
(2.49, 2.56 and 2.54) and (2.09, 2.39 and 2.17),
respectively (Fig. 2). All the variables analyzed
followed a normal distribution (p-values>0.148).
The comparison between the mean protein
concentration extracted at 50mM and 200mM
was independent of gender and nail consistency
(p-values=0.641). At 50mM, the mean extracted
protein concentration was significantly higher
(3.80 pg/ul) than the concentration obtained
at 200mM (2.57 ug/ul) (p-value<0.001) (Fig.
2). Moreover, for each concentration analyzed,
no differences observed either by
gender (p-values>0.167) or nail consistency
(p-values=0.409) (Fig. 2).

were

Comparison of the mean quantification of
the expression level for the AE13 antibody
between the two concentrations tested was also


http://rsbweb.nih.gov/ij/
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Fig. 1.- Expression level detected with the AE13 and CTK17 antibodies under the two extraction conditions tested (50mM and
200mM). (A) extracts obtained at 50mM. (B) extracts obtained at 200mM. (C) comparison of the expression level between nail
consistencies (Hard and Soft). A left, 50mM immunoblot comparing hard- and soft-consistency nails. A right, bar graph comparing
the expression level obtained at 50mM for the two antibodies tested by nail consistency. B left, 200mM immunoblot comparing
hard- and soft-consistency nails. B right, bar graph comparing the expression level obtained at 200mM for the two antibodies
tested by nail consistency. C left, bar graph comparing the expression level obtained for the CTK17 antibody by the two extraction
conditions and the two nail consistencies tested. C right, bar graph comparing the expression level obtained for the AE13 antibody
by the two extraction conditions and the two nail consistencies tested. 50mM, concentration of 2-mercaptoethanol in the extraction
buffer; 200mM, concentration of 2-mercaptoethanol in the extraction buffer; Hard, hard-consistency nails; Soft, soft-consistency
nails; kDa, kilodalton; a.u., arbitrary units; * statistically significant difference (p<0.05); ns, not significant; GAPDH, loading control
at 50mM; Ponceau S, loading control at 200mM.
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independent of gender and nail consistency
(p-values=0.942). Analysis of the results of the
mean quantification of the expression level of the
extracts obtained at 50mM and 200mM did not
show enough evidence to reject that they were
the same (p-value=0.516). For each concentration
analyzed, nosignificant differences were observed
by gender (p-values>0.802) or nail consistency
(p-values=0.437) (Fig. 1).

For the CTK17 antibody, the comparison bet-
ween the mean quantification of the expression
level at 50mM and at 200mM did not vary by gen-
der (p-value=0.341), although it varied by nail con-
sistency (p-value=0.001). The data observed on
comparing the mean quantification of the expre-
ssion level of the extracts obtained at 50mM and
at 200mM in hard consistency nails did not show
enough evidence to reject that they were the same
(p-value=0.958). However, significant differences
were found on comparing the mean quantification
of the expression level in the extracts obtained
at 50mM and at 200mM in soft consistency nails
(p-value=0.001). For each concentration, no diffe-
rences were observed in relation to gender (p-val-
ues>0.187), although differences were observed
by nail consistency (p-values<0.007) (Fig. 1).

Quantification of the expression level obtained
forthe AE13 antibody therefore did not vary either
by gender or nail consistency (p-values>0.942).
However, the results obtained with the CTK17
antibody showed significant differences between
soft consistency nails and hard consistency nails
under each extraction condition tested (at 50mM
and at 200mM) (p-values<0.007) and between soft
consistency nails for extracts obtained at 50mM
and at 200mM (p-value=0.001).

DISCUSSION

The nail plate is a highly keratinized tissue,
given that 90% of the total proteins in the nail
plate are keratins or keratin-associated proteins
(Rice et al., 2010) and 80-90% of these are hair
keratins (Heid et al., 1988; Lynch et al., 1986).
However, the extractions performed under less
reducing conditions (50mM) showed a higher
total protein concentration than extractions at a
higher concentration of reducing agent (200mM),
in which hair keratins are more soluble than ep-
ithelial keratins. Therefore, under more gentle
extraction conditions, not only are the epithelial
keratins soluble (Kitahara et al., 1991), but other
types of proteins (membrane or intracellular) also

Fig. 2.- Principal results obtained from the extraction experiments. (A) Box and whisker plot of the three independent repetitions of
the extraction procedure. (B) Bar graph comparing the mean extracted protein concentration under the two extraction conditions
tested (50mM and 200mM). (C) Bar graph comparing the mean extracted protein concentration under the two extraction
conditions tested by nail consistency (Hard and Soft). 50mM, concentration of 2-mercaptoethanol in the extraction buffer; 200mM,
concentration of 2-mercaptoethanol in the extraction buffer; Ext. 1, independent extraction number 1; Ext. 2, independent
extraction number 2; Ext. 3, independent extraction number 3; * statistically significant difference (p<0.05); ns, not significant;

Hard, hard consistency nails; Soft, soft consistency nails.



solubilize, producing a higher extraction yield
than under more reducing conditions (Rice et
al., 2010). This is the case of the protein glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH),
which participates in glycolysis and was detect-
ed only in extracts performed at 50mM, where it
was used as loading control. Moreover, the results
obtained in the three independent repetitions of
protein extraction showed greater variability in
extractions performed at 50mM than at 200mM.
These results support the hypothesis that a high-
er diversity of proteins is extracted under less re-
ducing conditions, whereas under more reducing
conditions the type of proteins solubilized is more
homogeneous and variability is lower. However,
the nail plate is not characterized as a very active
tissue from a metabolic point of view, because it
is made up of cells with pyknotic nuclei or largely
denucleated cells (Runne et al., 1981). It is likely
that, together with the minority non-keratin pro-
teins present in the nail plate, some hair keratins
are also extracted under less reducing conditions
(Rice et al., 2010), even though they are almost in-
soluble in these conditions (Kitahara et al., 1991).

The AE13 antibody was not useful for differen-
tiating between hard- and soft-consistency nails,
because its expression level did not vary either by
nail consistency or extraction conditions. Previ-
ous studies with this antibody reported exclusive
staining in extracts obtained under more reduc-
ing conditions (Kitahara et al., 1991). However,
we cannot state that only hair keratins will be ex-
tracted under these conditions, which would ex-
plain the expression level of the extracts obtained
at 50mM. A minor tendency was observed in the
slightly higher expression level in soft-consisten-
cy nails, which was higher under the more reduc-
ing extraction conditions. Although the results
were not statistically significant, the extracts from
soft consistency nails may contain a higher rela-
tive concentration of target hair keratins of the
AE13 antibody than the extracts from hard con-
sistency nails.

The results showed that hard-consistency nails
express more K17 than soft consistency nails. K17
has been detected in the nail matrix associated
with precursor cells, in the nail bed (McGowan et
al., 2000) and in the nail plate (Heid et al., 1988). It

has also been associated with epithelia subjected
to high physical stress, with high cell turnover
rates (Swensson et al., 1998). Nails are constantly
subjected to bending forces by activities of daily
living (Forslind et al., 1980). It seems logical that
hard-consistency nails would be less adapted to
these forces than soft-consistency nails, which
are probably more flexible and adaptable. These
less adaptable nail plates would be subjected to
greater stress, which could cause an increase in
K17 synthesis and, therefore, a greater presence
of this keratin in the nail plate of hard-consistency
nails. Moreover, this difference in expression by
nail consistency is independent of the extraction
conditions, although in soft consistency nails the
expression level is higher under less reducing
extraction conditions, supporting an earlier
description of keratin solubility and reducing
power (Kitahara et al., 1991).

Nail consistency varies by age, gender, and
sports activity. Adult males and young people
who do sport have a higher frequency of hard-
consistency nails than adult
sedentary young people, whose most frequent nail
consistencies are medium and soft (Pérez Pico et
al., 2017; Pérez Pico et al., 2019). In developing
a predictive model of nail consistency, gender
was not shown to be a good predictive variable
(Mingorance et al., 2021), and neither were the
results obtained with the two antibodies tested,
because no relation was established between nail
consistency and gender. Therefore, although the
frequency of each nail consistency varies in the
population, hard- and soft-consistency nails show
no differences by gender.

females and

CONCLUSIONS

This study provides experimental evidence
to show that hard-consistency nails and soft-
consistency nails have different expression
levels of K17, a type I epithelial keratin, and that
expression is greater in hard-consistency nails.
The role of K17 in healthy nail plates strengthens
the hypothesis that nail consistency varies and
establishes differences at molecular level. With
greater knowledge of the characteristics of the nail
plate, health professionals will be better equipped
to prevent, diagnose, and treat numerous nail and
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systemic diseases. We consider nail consistency
to be one of the key characteristics that health
professionals during clinical
examination. However, more studies are needed,
both to define the determining factors of nail
consistency and to associate this characteristic
with the most common nail and systemic diseases.

should assess

ACKNOWLEDGEMENTS

We thank Dr TT Sun for kindly providing the
AE13 antibody, and Jane McGrath for assistance
with the translation and final language review.
This research was funded by the Extremadura
Regional Government and the European Regional
Development Fund (ERDF) through a grant to
the research group [code CTS020, reference
GR18182].

REFERENCES

BADEN HP, KUBILUS J (1984) A comparative study of the
immunologic properties of hoof and nail fibrous proteins. J Invest
Dermatol, 83: 327-331.

BARALDI A, JONES SA, GUESNE S, TRAYNOR MJ, MCAULEY WJ,
BROWN MB, MURDAN S (2015) Human nail plate modifications
induced by onychomycosis: implications for topical therapy. Pharm Res,
32:1626-1633.

BAS H, KLEINERT JM (1999) Anatomic variations in sensory
innervation of the hand and digits. J Hand Surg Am, 24(6): 1171-1184.

BRADFORD MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem, 72: 248-254.

DE BERKER D, WOJNAROWSKA F, SVILAND L, WESTGATE GE,
DAWBER RP, LEIGH IM (2000) Keratin expression in the normal nail
unit: markers of regional differentiation. BrJ Dermatol, 142: 89-96.

DE BERKER D (2013) Nail anatomy. Clin Dermatol, 31: 509-515.

FARREN L, SHAYLER S, ENNOS AR (2004) The fracture properties
and mechanical design of human fingernails. J Exp Biol, 207: 735-741.

FINLAY AY, FROST P, KEITH AD, SNIPES W (1980) An assessment of
factors influencing flexibility of human fingernails. Br J Dermatol, 103:
357-365.

FLECKMAN P, ALLAN C (2001) Surgical anatomy of the nail unit.
Dermatol Surg, 27(3): 257-260.

FLECKMAN P, JAEGER K, SILVA KA, SUNDBERG JP (2013)
Comparative anatomy of mouse and human nail units. Anat Rec
(Hoboken), 296(3): 521-532.

FORSLIND B, NORDSTROM G, TOIJER D, ERIKSSON K (1980) The
rigidity of human fingernails: a biophysical investigation on influencing
physical parameters. Acta Derm Venereol, 60: 217-222.

GNIADECKA M, NIELSEN OF, CHRISTENSEN DH, WULF HC (1998)
Structure of water, proteins, and lipids in intact human skin, hair, and
nail. J Invest Dermatol, 110: 393-398.

HANEKE E (2006) Surgical anatomy of the nail apparatus. Dermatol
clin, 24: 291-296.

HANEKE E (2015) Anatomy of the nail unit and the nail biopsy. Semin
Cutan Med Surg, 34(2): 95-100.

HATZFELD M, WEBER K (1990) The coiled coil of in vitro assembled
keratin filaments is a heterodimer of type I and II keratins: use of site-
specific mutagenesis and recombinant protein expression. J Cell Biol,
110:1199-1210.

HEID HW, MOLL I, FRANKE WW (1988) Patterns of expression
of trichocytic and epithelial cytokeratins in mammalian tissues. II.
Concomitant and mutually exclusive synthesis of trichocytic and
epithelial cytokeratins in diverse human and bovine tissues (hair
follicle, nail bed and matrix, lingual papilla, thymic reticulum).
Differentiation, 37: 215-230.

KITAHARA T, OGAWA H (1991) The extraction and characterization
of human nail keratin. J Dermatol Sci, 2: 402-406.

KOBAYACHI Y, MIYAMOTO M, SUGIBAYASHI K, MORIMOTO Y (1999)
Drug permeation through the three layers of the human nail plate. J
Pharm Pharmacol, 51:271-278.

LAEMMLI UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227: 680-685.

LYNCH MH, O'GUIN WM, HARDY C, MAK L, SUN TT (1986) Acidic and
basic hair/nail (“hard”) keratins: their colocalization in upper cortical
and cuticle cells of the human hair follicle and their relationship to
“soft” keratins. J Cell Biol, 103: 2593-2606.

MCCARTHY DJ (2004) Anatomic considerations of the human nail.
Clin Podiatr Med Surg, 21: 477-491.

MCGOWAN KM, COULOMBE PA (2000) Keratin 17 expression in the
hard epithelial context of the hair and nail, and its relevance for the
pachyonychia congenita phenotype. J Invest Dermatol, 114:1101-1107.

MINGORANCE ALVAREZ E, MARTINEZ QUINTANA R, PEREZ PICO
AM, MAYORDOMO R (2021) Predictive model of nail consistency using
scanning electron microscopy with energy-dispersive X-ray. Biology
(Basel), 10: 1-17.

MOLL R, FRANKE WW, SCHILLER DL, GEIGER B, KREPLER R (1982)
The catalog of human cytokeratins: patterns of expression in normal
epithelia, tumors and cultured cells. Cell, 31: 11-24.

MOLL I, HEID HW, FRANKE WW, MOLL R (1988) Patterns of
expression of trichocytic and epithelial cytokeratins in mammalian
tissues. III. Hair and nail formation during human fetal development.
Differentiation, 39: 167-184.

PEREZ PICO AM, VERJANO E, MAYORDOMO R (2017) Relation
between nail consistency and incidence of ingrown toenails in young
male runners. JAm Podiatr Med Assoc, 107: 137-143.

PEREZ PICO AM, MINGORANCE ALVAREZ E, CABALLE CERVIGON N,
MAYORDOMO ACEVEDO R (2019) Importance of preexisting physical
factors in the development of dermatological and muscular lesions
during hiking. Int J Low Extrem Wounds, 18: 161-170.

PERRIN C (2007) Expression of follicular sheath keratins in the
normal nail with special reference to the morphological analysis of the
distal nail unit. Am J Dermatopathol, 29: 543-550.

PERRIN C, LANGBEIN L, SCHWEIZER J (2004) Expression of hair
keratins in the adult nail unit: an immunohistochemical analysis of
the onychogenesis in the proximal nail fold, matrix and nail bed. BrJ
Dermatol, 151: 362-371.

PERRIN C, LANGBEIN L, SCHWEIZER J, CANNATA GE, BALAGUER
T, CHIGNON-SICART B, GARZON JM, BENCHETRIT M, MICHIELS
JF (2011) Onychomatricoma in the light of the microanatomy of the
normal nail unit. Am J Dermatopathol, 33: 131-139.

RICE RH, XIA Y, ALVARADO RJ, PHINNEY BS (2010) Proteomic
analysis of human nail plate. J Proteome Res, 9: 6752-6758.

RUNNE U, ORFANOS CE (1981) The human nail. Structure, growth
and pathological changes. Curr Probl Derm, 9: 102-149.



Esther Mingorance Alvarez et al.

SCHWEIZER J, BOWDEN PE, COULOMBE PA, LANGBEIN L, LANE EB,
MAGIN TM, MALTAIS L, OMARY MB, PARRY DAD, ROGERS MA, WRIGHT
MW (2006) New consensus nomenclature for mammalian Keratins. J
Cell Biol, 174:169-174.

SHEMER A, DANIEL CR 3R° (2013) Common nail disorders. Clin
Dermatol, 31: 578-586.

SWENSSON O, LANGBEIN L, MCMILLAN JR, STEVENS HP, LEIGH IM,
MCLEAN WH, LANE EB, EADY RA (1998) Specialized keratin expression
pattern in human ridged skin as an adaptation to high physical stress.
BrJ Dermatol, 139: 767-775.

TRAVER JE, TEJADO I, MINGORANCE ALVAREZ E, PRIETO-ARRANZ
J, MAYORDOMO R, PEREZ-PICO AM, VINAGRE BM (2021) Fractional
modelling of flexural properties of toenail plates: first step for clinical
purposes. Med Eng Phys, 90: 23-32.

WASEEM A, DOGAN B, TIDMAN N, ALAM Y, PURKIS P, JACKSON S,
LALLI A, MACHESNEY M, LEIGH IM (1999) Keratin 15 expression in
stratified epithelia: downregulation in activated keratinocytes. J Invest
Dermatol, 112: 362-369.

WESTGATE GE, TIDMAN N, DE BERKER D, BLOUNT MA, PHILPOTT
MP, LEIGH IM (1997) Characterization of LHTric-1, a new monospecific
monoclonal antibody to the trichocyte keratin Hal. Br J Dermatol, 137:
24-30.

WOODCOCK-MITCHELL J, EICHNER R, NELSON WG, SUN TT (1982)
Immunolocalization of keratin polypeptides in human epidermis using
monoclonal antibodies. J Cell Biol, 95: 580-588.

YOUNG RW, NEWMAN SB, CAPOTT RJ (1965) Strength of fingernails.
J Invest Dermatol, 44: 358-360.

ZAIAC MN, WALKER A (2013) Nail abnormalities associated with
systemic pathologies. Clin Dermatol, 31: 627-649.

643



	_GoBack
	There_are_seven_subfamilies_of_fibroblas
	Normal_liver_staining_was_seen_in_contro
	In_the_present_study,_a_non-statisticall
	_GoBack
	In_accordance_with_the_present_results,_
	In_the_present_study,_homing_of_MSCs_in_
	Ishikawa_et_al.,_(2006)_stated_that_grow
	The_histopathological_findings_of_the_pr
	Conclusion
	2._ALIOTTA_JM,_SANCHEZ-GUIJO_FM,_DOONER_
	3._ANDRADE_RJ,_LUCENA_MI,_AGUILAR_J,_LAZ
	13._IBRAHIM_NA,_IBRAHIM_SS,_MANNAA_FA,_A
	17._KURNIAWAN_DW,_BOOIJINK_R,_PATER_L,_W
	18._LI_Y,_LIN_G,_CHEN_B,_ZHANG_J,_WANG_L
	_GoBack
	_Hlk108633140
	_Hlk64015708
	_Hlk109146841
	_GoBack
	_Hlk92655970
	_GoBack
	_Hlk94295992
	_Hlk94295746
	_Hlk94307628
	_Hlk94307988
	_Hlk90843593
	_Hlk90843793
	_Hlk116377640
	_Hlk90843836
	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	_GoBack
	page12
	page13
	page14
	page15
	page16
	_Hlk97317374
	_Hlk73528096
	_Hlk105146052
	_Hlk105146163
	_Hlk91686388
	_Hlk97290886
	_Hlk101794245
	_GoBack
	_GoBack
	_GoBack
	_Hlk111146094
	_GoBack
	_GoBack
	_GoBack
	_Ref61680853
	_Hlk109633157
	_Hlk106775133
	_ENREF_9
	_ENREF_13
	_ENREF_17
	_Ref61681000
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_34
	_ENREF_39
	_ENREF_37
	_Ref61680947
	_ENREF_43
	_ENREF_49
	_ENREF_2
	_Ref61680894
	_GoBack
	Morphometry of extensors of the thumb with comprehensive review
	Dhivyalakshmi Gnanasekaran1, RaveendranathVeeramani2, Aravindhan Karuppusamy2 

	Modification of alprazolam-induced liver injury by bone marrow-derived mesenchymal stem cells and the role of miRNA-192
	Heba M. Ali Labib 1, 2

	Determining nail consistency by quantification of type I keratins
	Esther Mingorance Álvarez1, Rodrigo Martínez Quintana2, Ana Ma Pérez Pico3, Raquel Mayordomo1

	Microstructural evidence of reversal of PCOS by steroidal saponins of asparagus racemosus in PCOS induced rats
	M. Vani1, P. Preethi1, D.H. Gopalan1, S. Manikandan2, V. Vijayakumar3, C. Swathipriyadarshini1

	Effect of carnosine on ovarian follicle in rats exposed to electromagnetic field
	Ayla Arslan1, Esra Balcioğlu2, Mehtap Nisari1, Betül Yalçin2, Menekşe Ülger2, Emel Güler3, Gökçe Bağcı Uzun4, Niyazi Acer5 

	An exploratory study on the presence of sensory nerves in the caudal part of the trapezius
	Inge L. Cox1,2, Cindy G.J. Cleypool1, Sander J.A. de Ru2,3, Ronald L.A.W. Bleys1

	Morphometry of the harvestable surface area of quadriceps tendon using a simple tracing method: A common ACL autograft
	Sabiha Latiff, Oladiran I. Olateju

	Morinda lucida and Annona muricata reduced hepatic lipid peroxidation and promoted melatonin/TNFα/p53-mediated apoptosis in sodium arsenite-induced toxicity in rats
	Adelaja Akinlolu1, Adeoye Oyewopo2, Risikat Kadir2, Mubarak Ameen3, Victor Owoniyi2, Fauzeeyah Adam2, Shukrat Okeleye2

	Retromolar canal: a classic analysis with CBCT in South Indian population
	Karthikeya Patil1, C.J. Sanjay1, K.R. Renuka Devi1, D. Nagabhushana1, S. Viveka1, M.S. Girish2

	The anatomical variations of the hepatic veins in a South African sample
	Leoné Pretorius, Geney Gunston, Kentse Mpolokeng

	Insight into Vietnamese women’s internal iliac artery anatomy
	Tuan Vo1, Tham Nguyen1, Hoang Pham1, Bac Nguyen2, Bao Vo3 

	A cross sectional study on the online teaching strategies of gross anatomy and histology during the COVID-19 pandemic periods
	Divia Paul. A1, Manisha R. Gaikwad2, Ranajith Das3


