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Original Article

Objectives: Nail has been a substitute DNA source for genotyping. To investigate the integrity and consistency of nail DNA amplifica-

tion for biomarker study, nail clippings from 12 subjects were collected at monthly intervals. The possibility of longer amplification 

and existence of GAPDH RNA/protein, were also investigated with three nail samples. 

Methods: Three primer sets were designed for quantitative amplification of nuclear and mitochondrial genes and analysis of their consis-

tency. The mean threshold cycles in amplification of the target genes were compared to test the consistency of polymerase chain reaction 

(PCR) performance among individual factors including age groups, sex, family, the nail source, and by the size of the amplification segments.

Results: The amplification of the target genes from nail DNA showed similar integrity and consistency between the nail sources, and 

among the serial collections. However, nail DNA from those in their forties showed earlier threshold cycles in amplification than those 

in their teens or seventies. Mitochondrial DNA (mtDNA) showed better DNA integrity and consistency in amplification of all three tar-

gets than did nuclear DNA (nucDNA). Over 9 kb of mtDNA was successfully amplified, and nested quantitative PCR showed reliable 

copy numbers (%) between the two loci. Reverse transcription PCR for mRNA and immunoblotting for GAPDH protein successfully re-

flected their corresponding amounts. Regarding the existence of RNA and protein in nails, more effective extraction and detection 

methods need to be set up to validate the feasibility in biomarker study.

Conclusions: Nail DNA might be a feasible intra-individual monitoring biomarker. Considering integrity and consistency in target am-

plification, mtDNA would be a better target for biomarker research than nucDNA.
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INTRODUCTION

The identification and monitoring of bio-markers reflect 
their internal exposures to xenobiotics or effects on target or-
gans, which may be hallmarks of health status and disease 

progression. Significant amounts of DNA are known to be re-
leased into the body fluids from cellular necrosis and apopto-
sis. Cell free, or circulating DNA in body fluids can provide bio-
logic information and also be used as a marker tracking several 
human diseases including cancers [1-5]. Appropriate non-in-
vasive access to tissue to monitor biomarkers will maximize 
efficiency of studies on disease control. 

Nails are modified heavy keratin structures at the ends of 
the digits, contextures of which sensitively reflect the status of 
systemic blood supply [6]. Regarding the feasibility of access-
ing biomarkers from nails, not only protein [7-9] but also DNA 
[10-14] can be analyzed for molecular epidemiology research, 
medical diagnostics, and forensic science. It was possible to 
detect circulatory xenobiotic DNA such as hepatitis B virus in 
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nail clippings among hepatitis B surface antigens positive pa-
tients [15]. Therefore, the remarkable advantages of nail speci-
mens might be summarized as follows: 1) Given the abundant 
blood supply that can reach these exterior tissue structures, 
nail might contain valuable information such as serum, includ-
ing the internal body burden of xenobiotic biomolecules and 
trace elements; 2) no harm and no pain to subjects, as well as 
high compliance with self-collection would be anticipated for 
serial monitoring biomarkers; 3) nails are very cost-effective to 
collect and transport, and can be stored at room temperature; 
4) since nails have hard exteriors and layers, these properties 
serve as barriers and protection against numerous pre-anlaytic 
factors that may affect the integrity of biomolecules and lead 
to significant errors in downstream interpretation; 5) regard-
ing the time lag of the growth to the nail edge, a nail edge 
clippings can still possibly provide recent bio-information. 
These would be best combined with serum samples, which re-
flects the present exposure/effect burden of xenobiotics such 
as metals and trace elements [16].

There are two DNA sources–nuclear DNA (nucDNA) and mi-
tochondrial DNA (mtDNA)-in the acellular or circulatory com-
partment of the body. Since mtDNA has a greater number of 
copies than nucDNA, it is easier to detect and quantify for 
monitoring genetic biomarkers than nucDNA. However, few 
studies have investigated the feasibility of these DNA bio-
markers for monitoring individual health or disease status. It 
also remains unexplored whether other biomolecules such as 
RNA or protein in nails can be detectable or quantified by us-
ing conventional methods, reverse transcription polymerase 
chain reaction (RT-PCR) and immunoblotting.

Therefore, as a preliminary study exploring the feasibility of 
nail biomolecules as biomarkers, this study investigated two 
issues: 1) the feasibility of nail DNA as a genetic biomarker, 
specifically, whether it provides a consistent reference level 
among healthy state individuals, and 2) the molecular perfor-
mance of nail biomolecules, for example, the possible perfor-
mance of longer segment amplification of DNA and detection 
of other biomolecules such as RNA and protein.

METHODS

Feasibility of Nail DNA
Subjects

In the feasibility study of nail DNA for monitoring an individ-
ual’s health status, the integrity and quantity of DNA were an-

alyzed using nail clippings from 12 volunteer subjects from two 
related families, under institutional review board study proto-
col (UCI IRB HS#2008-1697). Three age groups-4 participants 
each in their teens, forties, and seventies-were recruited as 
shown Figure 1A. They were related, to minimize genetic and 
environmental variation and to give more power to detect pos-
sible differences in other factors such as age, sex, or among col-
lections. The subjects voluntarily donated their fingernail and 
toenail clippings three times at one-month interval. The indi-
viduals were in homeostatic healthy status for a year before and 
during the study period. The collected samples were stored at 
room temperature until the extraction of biomolecules.

DNA and RNA extraction
For the DNA integrity study, 72 nail DNA were extracted us-

ing a QIAmp DNA microkit (Qiagen, Valencia, CA, USA). The nail 
samples were stored in paper envelopes for at least two 
months. Then 10 mg of fingernail and toenail were used for 
extraction of DNA processing within a week. After the final 
washing according to the mannual, the DNA was eluted with 
70 μL of the buffer from the kits. DNA concentrations were mea-
sured using either a Nanodrop-1000 spectrophotometer (Nano-
drop Products, Wilmington, DE, USA) or Quant-itTM dsDNA HS 
assay kit (Invitrogen, Carlsbad, CA, USA). Each 1 μL of nail DNA 
were plated in each well of 384 well-plates and dried DNA for 
downstream quantitative PCR (qPCR) .

Quantitative polymerase chain reaction for long segment 
amplification

To monitor the integrity and consistency of DNA, three 
primer sets for b-actin and mitochondrially encoded cyto-
chrome C oxidase 1 (mt-Co 1) were designed to amplify 100, 
200, and 400 bp products, respectively. For amplification of 
the three different sizes of b-actin, the common forward prim-
er 5’-CCT GGG TGA GTG GAG ACT GT-3’, and 5’- ATG CCT GAG 
AGG GAA ATG AG-3’ as the backward primer for 104 bp ampli-
fication, 5’- CAC TGT GTT GGC GTA CAG GT-3’ for 192 bp ampli-
fication, and 5’-GGA GGA GCA ATG ATC TGA GG-3’ for 408 bp 
amplification were used. For amplification of three different 
sizes of mt-Co 1 DNA, common forward primer 5’-TTC GCC 
GAC CGT TGA CTA TTC TCT-3’, and the backward primer 5’-TGT 
GCC TAG GAC TCC AGC TC-3’ for 94 bp amplification, the back-
ward primer 5’-TTA CAA ATG CAT GGG CTG TG-3’ for 190 bp 
amplification, and the backward primer 5’-GGT GGG AGT AGT 
TCC CTG CT-3’ for 412 bp amplification were used. 
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The qPCR were performed using ABI PRISM 7000 and SYBR 
Green PCR Master mix (Applied Biosystem, Foster City, CA, 
USA). The thermocycling condition for mt-Co 1 were 95ºC 10 
minutes, 40 cycles of 95ºC 15 seconds, 60ºC 20 seconds, 72ºC 
40 seconds, and for dissociation curve, one cycle of 95ºC 15 
seconds 60ºC 15 seconds, 95ºC 15 seconds. The thermocycling 
for b-actin was similar to mt-Co 1 except that the annealing 
temperature was 55ºC. 

Integrity and consistency in target amplification
Overall amplification of target DNA were successful in 33.8% 

of nail samples for b-actin and 91.2% for mt-Co 1, when the 
threshold cycles over 30 were defined as undetermined. Since 
amplification of b-actin was more than 50% undetermined, b-
actin was excluded from further DNA integrity analysis. The 
mean and standard deviation of threshold cycles between 
amplifications were compared by product size, age groups, 
collections, and family groups. The difference between longer 
segments (400  or 200 bp) and the shortest segments (100 bp) 

Figure 1. Family pedigree and comparison of target amplification among 12 subjects. (A) Each family has three generations 
composed of the grandparents (69 to 74 years old), parents (43 to 46 years old) and two children (7 to 11 years old). The moth-
ers in the two families were daughters of the same parents. (B) The threshold cycles of three different amplifications among the 
two children and 400 bp amplification of the grandmother in family 2 showed significantly delayed performance in amplifica-
tion (ANOVA/Duncan Scheffe among the twelve subjects). Family 2 in total showed significantly delayed threshold cycles in 
amplification of all three segments compared to those of family 1 in total (t-test between the families). (C) The difference in the 
threshold cycles between the longer and shorter segments showed a larger standard deviation than the threshold cycles among 
twelve subjects. Among the 12 subjects, the grandmother of the family 1 showed significantly greater difference in threshold 
cycles than the other subjects (ANOVA/Duncan Scheffe). Family 2 in total showed a greater difference in both ratios of the two 
sizes comparison than those of family 1 in total (t-test between the families). mt-Co 1, mitochondrially encoded cytochrome C 
oxidase 1.
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was analyzed for consistency of amplification. A greater differ-
ence in threshold cycles or greater undetermined proportion 
was considered to have less integrity of amplification. 

Molecular Performance of Nail DNA, RNA and 
Protein
Subjects

To assess the longer fragment amplification of mtDNA and 
the existence of RNA and protein, three patients under the 
study protocol (UCI IRB HS#2002-2587) donated nail samples. 
Their health/disease status or other demographic information 
was unknown. Nail clippings were collected by the subjects 
and placed in a paper envelope and directly sent to the study 
investigator. One of the donated blood samples was used as a 
positive control/reference to compare with those in the nails.

DNA and RNA extraction
For longer segment amplification, DNA from 5 mg of three 

fingernails was extracted using a DNeasy kit (Qiagen). Nail 
RNA was extracted from 5 mg of three fingernails using an 
RNeasy Plus kit (Qiagen), according to the manufacturer’s 
manuals.

Amplification of longer segments of DNA and estimation 
of relative copy number of nested segments

The primer sets for the longer template, 9251 bps of mtDNA 
(569 to 9819), were forward primer 5’-AAC CAA ACC CCA AAG 
ACA CC-3’, and backward primer 5’-GCC AAT AAT GAC GTG 
GAA GTC C-3’ as published previously [17]. TakaRa LA Taq 
(BR002 AM, Madison, WI, USA) was used for amplification of 
over 9 kb of mtDNA. The thermocycling condition were 94ºC 1 
minute, 30 cycles of 98ºC 10 seconds 68ºC 10 minutes and fi-
nal extension 72ºC 10 minutes. As for the downstream quanti-
tative PCR, two primer sets for nested quantitative PCR were 
performed; for mtDNA (3121 to 3319), forward 5’- CAC CCA 
AGA ACA GGG TTT GT-3’, backward 5’- TGG CCA TGG GTA TGT 
TGT TA-3’, and for mtDNA (8825 to 9090) forward 5’-TAA ACC 
TAG CCA TGG CCA TC-3’, backward 5’- AGA GGG AAG GTT AAT 
GGT TG-3’ were used with SYBR Green PCR Master mix (Applied 
Biosystems). Using the difference in the threshold cycles in nest-
ed target amplification between the blood control and each of 
three individual nails, the relative copy number % of mtDNA in 
each nails was calculated according to the following formula:

Relative copy number (%) =  
Exp (difference of threshold cycles * In2)

Detection of GAPDH mRNA: quantitative reverse transcrip-
tase polymerase chain reaction

The primer set for amplifying GAPDH mRNA was forward 
primer (exon 8) 5’- CAT GAG AAG TAT GAC AAC AGC CT-3’, and 
backward primer (exon 9) 5’- AGT CCT TCC ACG ATA CCA AAG 
T-3’. The reverse transcriptase PCR was performed with 2.75 μL 
of total RNA (unknown concentration), 1 μL of each primer (10 
pM), 0.2 μL of RNase inhibitor, and 0.05 μL of MultiScribe Re-
verse Transcriptase (Applied Biosystem), and 5 μL of master 
mix using the ABI PRISM 7000. The thermocycling conditions 
for one step RT-PCR were 48ºC 30 minutes, 95ºC 10 minutes, 
40 cycles of 95ºC 15 seconds, 60ºC 1 minute, and for the disso-
ciation curve, one cycle of 95ºC 15 seconds 60ºC 15 seconds, 
95ºC 15 seconds. Every sample was duplicated. Amplification 
of the target product was confirmed by the specific Tm peak 
and gel electrophoresis.

Immunoblotting for nail GAPDH protein
Nail protein were extracted by a conventional protein lysis 

method as previously described [18]. From 8.6 to 10.7 mg of 
nail, protein was extracted through 300 μL of protein lysis buf-
fer, containing 20 mM Tris HCl (pH 8,5), 7 M urea, 5% (v/v) 
2-mercaptoethanol, and complete protease inhibitor tablet 
(Roche, San Francisco, CA, USA). Seven micrograms of extract-
ed protein were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) using NuPAGE 
Novex Bis-Tris 4-12% gel (Invitrogen), and stained with coo-
massie brillant blue. For western blotting, after SDS-PAGE the 
protein was transferred to polyvinylidene fluoride membrane 
(Invitrogen) for 1 hour at 100 V. After blocking with 5% skim 
milk solution for 1 hour, mouse anti-GAPDH Mab (1:2000 dilu-
tions; Ambion, Austin, TX, USA) was added to 5% milk solution 
and incubated overnight in a cold room. After washing 3 times 
with phosphate buffered saline (PBS), horseradish peroxidase 
conjugated goat anti-mouse antibody (1:10 000 dilution; Sig-
ma-Aldrich, St Louis, MO, USA) was added to a 5% milk solu-
tion for 1 hour. After washing 3 times with PBS, the GAPDH 
protein was detected with western blotting detection reagents 
(GE Healthcare, Piscataway, NJ, USA).

Statistical analysis
Using SPSS version 11.0 (SPSS Inc., Chicago, IL, USA), the 

mean and standard deviation of the amplification threshold 
cycle was compared by individual factors using t-test or one 
way ANOVA with post-hoc comparison using Duncan and 

100
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Table 1. Concentration of DNA (ng/µL) in 70 µL of elution buf-
fer

Method of quantification Mean SD

Total OD reading 9.82 17.58

Picogreen reading 0.42 0.31

Toenail OD reading 6.77 2.77

Picogreen reading 0.48 0.39

Fingernail OD reading 12.94 24.67

Picogreen reading 0.35 0.19

OD, optical density.

Table 2. Threshold cycles of quantitative polymerase chain 
reaction 

mt-Co 1 
100

mt-Co 1 
200

mt-Co 1 
400

b-actin 
100

b-actin 
200

b-actin 
400

Total n1 66 67 64 45 16 12

Mean 19.76 20.41 23.93 27.87 28.92 28.86

SD 1.53 2.01 2.46 1.03 0.95 1.13

Source2 
(p-value)

0.23 0.64 0.18 0.66 0.07 0.07

Fingernail n 35 32 31 18 6 6

Mean 19.94 20.28 24.36 27.94 29.47 29.50

SD 1.76 1.62 2.43 0.71 0.47 0.09

Toenail n 31 35 33 27 10 6

Mean 19.54 20.51 23.52 27.81 28.58 28.22

SD 1.22 2.32 2.45 1.21 1.0 1.35

Collections3 
(p-value)

0.56 0.89 0.75 0.40 0.90 0.84

1st collec-
tion

n 23 22 22 12 6 4

Mean 20.03 20.48 24.21 27.62 29.05 29.09

SD 1.59 1.67 2.66 1.05 1.09 1.24

2nd collec-
tion

n 22 22 21 16 7 5

Mean 19.67 20.50 23.63 27.78 28.79 28.88

SD 1.70 2.40 2.30 1.00 0.63 0.93

3rd collec-
tion

n 21 23 21 17 3 3

Mean 19.54 20.24 23.94 28.13 28.97 28.53

SD 1.30 1.97 2.50 1.06 1.56 1.64

Age group3 
(p-value)

<0.001 0.01 0.009 <0.001 0.12 0.28

Teens n 22 22 21 12 1 1

Mean 20.58 21.17 24.90 28.39 29.76 29.46

SD 1.42 1.43 2.15 0.65 . .

Fourties n 24 23 23 20 7 4

Mean 18.85 19.49 22.74 28.19 29.35 29.51

SD 1.02 1.31 1.79 0.76 0.41 0.41

Seventies n 20 22 20 13 8 7

Mean 19.94 20.60 24.28 26.89 28.44 28.41

SD 1.65 2.69 2.94 1.06 1.11 1.30

Family2 
(p-value)

0.03 <0.001 <0.001 0.20 0.79 0.38

Faimily 1 n 35 34 32 30 12 9

Mean 19.36 19.58 22.46 27.71 28.88 28.69

SD 1.55 1.18 1.77 .92 1.09 1.27

Family 2 n 31 33 32 15 4 3

Mean 20.20 21.26 25.41 28.18 29.04 29.39

SD 1.42 2.32 2.18 1.20 0.33 0.17

mt-Co 1, mitochondrially encoded cytochrome C oxidase 1.
1Number are variable, since undetermined (>30) threshold cycles were 
excluded. 2Independent test between the two subgroups. 3ANOVA/Duncan, 
Scheffe for post-hoc comparison among the three subgroups.

Scheffe test, and p-values less than 0.05 were considered to be 
significantly different in statistical comparison.

RESULTS

DNA Yield
The yield of DNA from approximately 10 mg of finger or toe-

nail was 687.4 ng (9.82 ng/μL×70 μL) according to an optical 
density (OD) reading from the Nanodrop, or 29.4 ng (0.42 ng/
μL×70 μL) according to a Picogreen staining reading. The 
concentration of DNA read by the OD measurement using the 
Nanodrop was greater in fingernail, but DNA concentration 
from the Picogreen reading was greater in toenail (Table 1).

DNA Integrity of Different Target Amplification 
Sizes

Regarding 72 nail DNA samples’ PCR performance, 27 
(37.5%), 56 (77.8%), and 60 (83.3%) samples were classified as 
undetermined for the amplification of 100, 200, and 400 bp of 
b-actin, respectively. In comparison, 6 (8.3%), 5 (6.9%), and 8 
(11.1%), respectively, were classified as undetermined for the 
corresponding size amplification of mt-Co 1. The mean thresh-
old cycles for 100, 200, and 400 bp mt-Co 1 amplification were 
19.76±1.53, 20.41±2.01, and 23.93±2.46. The mean thresh-
old cycle for 100 bp b-actin was 27.87±1.03, which delayed 
8.1 threshold cycles from mt-Co 1 100 bp amplification, re-
flecting the fact that 274 times more copies of mtDNA than b-
actin existed in nails (Table 2). The difference between 100 
and 200 bp amplification was 0.65 cycles, and that between 
100 and 400 bp was 3.17 cycles (Table 2). The threshold cycles 
of DNA amplification between 100 and 200 bp amplification 
were not different, but the 400 bp amplifications were signifi-
cantly delayed beyond 100 or 200 bp amplification (p<0.05). 
Less than 200 bp of amplification showed no decreased integ-
rity in nail DNA PCR performance. Since b-actin showed much 
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less integrity than mt-Co 1, mitochondrial DNA was shown to 
be more feasible for monitoring genetic biomarker through 
serial collection than nuclear DNA.

DNA Integrity According to Individual Factors 
The threshold cycles of mt-Co 1 were not significantly differ-

ent based on the source location of the fingernail and toenail, 
between males and females, or among the serial collections. 
But all three sizes of mt-Co 1 amplification in persons in their 
forties showed earlier threshold cycles than those from per-
sons in their teens or seventies. In 100 and 200 bp amplifica-
tion of mt-Co 1, all 12 family members showed similar thresh-
old cycles, with no significant difference in statistics. However, 
those in the 9 year-old subject and 11 year-old subject and the 
400 bp segment in the 69 year-old subject in family 2, showed 
significantly delayed threshold cycles compared to those of 
other subjects. There was a significant difference in the thresh-
old cycles between families; family 1 also showed earlier 
threshold cycles in all three sizes of mt-Co 1 amplification than 
did family 2 (Figure 1B). The 69 year-old subject in family 2 
showed significantly great difference between 200 or 400 and 
100 bp amplification, compared to the other 11 subjects. Con-
sidering all this, 400 bp amplification showed less integrity 
and consistency than 100 or 200 bp amplification (Figure 1C).

 

9.2 kb Amplification of Mitochondrial DNA
From three samples of nail DNA, 9.251 kb (mt569 to mt9819) 

was successfully amplified (Figure 2). Using 1 µL of product, 
downstream nest qPCR was performed. The amount of DNA 
used for qPCR were ranged from 143.6 to 150.0 ng in 1 μL of 
nail DNA. 

The threshold cycles of blood mtDNA targeted for (3121 to 
3319) and (8825 to 9090) were 9.07 and 9.87, while the mean 
threshold cycles of the three nails targeted for the two seg-
ments were 12.6±1.6 and 13.4±1.7, respectively. The differ-
ence in the threshold cycles for downstream amplification 
were 4.71, 4.26, and 1.64 cycles delayed in DNA from nail 1, 
nail 2, and nail 3, when they were subtracted by the threshold 
cycles of blood DNA. Considering one delayed cycle to have 
half of the copy number of the reference blood, estimated rela-
tive copy number % of mtDNA mtDNA in nail 1, nail 2, and nail 
3 were 3.82%, 5.22%, and 32.19% of the blood reference, re-
spectively. The amount of mtDNA in nail 3 was higher than in 
nail1 or nail 2. The band intensities on the gel were respectively 
matched to these estimations of the amount of DNA (Table 3).

GAPDH RNA and Protein in Nail
Glyceraldehyde 3 phosphate dehydrogenase mRNA (113 bp 

of exon8-exon9) was successfully amplified from two samples 
(Figure 3A), and two samples of GAPDH protein showed posi-
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Figure 2. Nested target amplification of mitochondrial DNA (mtDNA). (A) Over 9.2 kb was successfully amplified in three nail 
DNA samples and the blood(+) control. Nested polymerase chain reaction for mtDNA segments for 3121 to 3319 (B,D) and 8825 
to 9090 (C,E) were also successfully quantified in three nail DNA samples and the blood sample.
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tive bands in immunoblotting among three nails (Figure 3B). 
In nail 1, both GAPDH RNA and protein failed to show the 
bands on the gel or immunoblotting membrane. The amount 
of GAPDH RNA and protein in nail 2 showed thicker bands 
than those of nail 3 (Figure 3). From the same amount of RNA 
extracts and total protein, the expression profiles were quite 
different among the three subjects.

DISCUSSION

DNA extracted from toenails [13], or fingernails [14,19-21] 
has been used for genotyping and identification of individuals 
in the fields of genetic epidemiology and forensic science. Re-
garding the efficiency of nail DNA extraction, complete diges-
tion of protein is the critical step for obtaining better quality 
and quantity. In one study, the yield using proteinase K only 
ranged from 220 to 384 ng from 5 mg of nail clippings, mean-
while using protease from Cucumis melo with EDTA increased 
the yield up to 1 µg [10]. Other researchers extracted approxi-
mately 1 µg of DNA from a 10 mg fingernail by adding 2 mg/L 
urea to their lysis buffer [14]. In this study, we used a commer-
cial kit without any substitution of enzymes nor additional 
chemicals. Using fine chopping of the raw material and maxi-
mum incubation time for the lysis step as recommended by 
the manual, the yield of nail DNA in this study was 687.4 ng 
(473 to 905 ng) from a 10 mg nail sample. 

The nucleic acid-based assays for the evaluation of body flu-
ids provides a very practical method for assessing health sta-
tus [22], such as the diagnosis of fetal genes in early intrauter-
ine life, the detection and monitoring of tumors, diabetes mel-
litus, trauma, stroke [23-25], and endometriosis [26], and mul-

timodal therapy effect [27]. Trace elements or heavy metals in 
nails [28-33] are also analyzed for monitoring the occupational 
and environmental exposure burden of the human body. Nail 
might be a promising specimen for assessing numerous bio-
markers for monitoring the xenobiotic exposure of and effect 
burdens on the human body. Usually, the most problematic is-
sue in biomarker monitoring is differentiating the disease 
specificity from normal background variation [34]. Those bio-
markers that can provide consistent baseline levels would be 
good candidates for monitoring the whole spectrum of indi-
vidual health / disease. Their performance should be investi-
gated to determine whether the outcomes are comparable 
among various specimens such serum, other body fluids or 
nails during the whole spectrum of specific diseases. The limi-
tation of the current study is that it was not possible to com-
prehensively cover these aspects of the feasibility of biomarker 
studies.

As a preliminary biomarker study, we described the change 
of nucDNA and mtDNA PCR performance during a short-term 
period of monitoring healthy individuals. According to our re-
sults, mtDNA, specifically in nail, showed measurable and con-
sistent amounts of the change of threshold cycles within 2 cy-
cles of difference in 100 or 200 bp amplification. Statistically 
significant differences in the PCR performance of mtDNA am-
plification came from age and family factors, and not from the 
collection methods or sources (finger versus toenail), even 
though the members of each of the two families were close 

Table 3. Threshold cycles and relative copy number percent-
age among nested quantitative polymerase chain reaction 
products of two loci from 9.2 kb amplification product

Blank 
control

Blood (+) 
control Nail 1 Nail 2 Nail 3

Location 1 >30 9.07 13.78 13.23 10.69

Location 2 Not detected 9.87 14.58 14.23 11.52

RCN (%)1 of location 1 100 3.82 5.59 32.53

RCN (%) of location 2 100 3.82 4.86 31.86

Mean of RCN (%) of 
two loci

100 3.82 5.22 32.19

RCN, relative copy number.
1Was calculated from the difference in the threshold cycles between each 
nail samples and the blood(+) control. The copy number of the blood control 
was considered to be 100%.

Figure 3. GAPDH mRNA and protein. (A) GAPDH mRNA be-
tween exon8 and exon9 were successfully amplified in two 
of the three nail RNA samples. The band of mRNA in nail 2 
was brighter than in nail 3, but nail 1 failed to show an mRNA 
band on the gel. (B) Commessa staining of the nail protein ex-
tracts and immunoblotting for GAPDH protein. The amount of 
GAPDH in nail 2 was more than that of nail 3, and nail 1 failed 
to show the target protein band on the immunoblotting.
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relatives to each other. This study showed a possibility of set-
ting up individual reference values for the amplification per-
formance of target mtDNA in nails for health status monitor-
ing. 

The amount and genotype of mtDNA are associated with 
health status and change of disease status. Whether age group 
based longer interval monitoring or sporadic episodes of indi-
vidual diseases could change the amount and downstream 
PCR performance of whole mtDNA or other specific biomole-
cules in nail also remains for coming studies.

In our molecular performance study, we successfully ampli-
fied over 9 kb segments of mtDNA using nail DNA, since mtD-
NA has better integrity, and 100 to 1000 times more abun-
dance than nucDNA. We showed there was a detectable 
amount of nucDNA, mRNA and protein in the nail samples. 
Regarding the existence of other RNA or protein in nail sam-
ples, some studies have shown that xenobiotic RNA such as 
dermatophytes’ mRNA exist in infected nails [35], and small in-
ternal proteins also exist in nails [7]. In this study, the amount 
of GAPDH mRNA and target protein varied widely among the 
three unrelated subjects. Even though the detection quantity 
of mRNA and protein of the same subject’s nail corresponded 
with each other on the gel and immunoblotting membrane; 
nail 2 contained the largest quantity of mRNA and protein 
among the three nails. In nail 1, both biomolecules were un-
detectable. Using the conventional extraction method, the in-
tegrity of the nucDNA in nail showed limited amplification: 
The failure rate of amplification longer than 200 bp was over 
50%. However, mtDNA in the nails showed much less limita-
tion in amplification up to 9 Kb. Considering that nails are 
mainly composed of hard keratin, more effective digestion, 
extraction and measurement methods might need to be de-
veloped for the feasible performance of nucDNA, RNA and 
protein profiles in nail biomarker research.
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