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Abstract

PIIINP, whose gene is COL3A1, is a protein used as a biomarker, which is altered in various pathologies such
as fatty liver of non-alcoholic origin and is also used to detect abuse of human recombinant growth hormone
(rhGH) by elite athletes to improve their performance. Therefore, the study of the levels of this protein or its gene
could be useful for the diagnosis of these pathologies, in addition to other uses. The objective of this work was the
development of a new detection method of the COL3A1 gene based on the quantification of mRNA in real time.
10 healthy men volunteers were injected intravenously for 3 consecutive days with 0.026 mg'kg'day'person of
rhGH, and serum and blood samples were collected for 7 days at different times. mRNA extraction was performed
after lymphocyte purification following standard protocols, and samples were quantified by quantitative real-time
PCR using TagMan probes designed specifically for this gene. The results showed an increase in COL3A1 expression
that was maintained during 7 days of sampling after the last administration, observing more sensitive and robust
results when compared to quantification of the PIIINP protein in serum from the same individuals. After the trial
set-up, a partial validation was carried out in which parameters such as linearity, inter and intra-assay variation,
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influence of sex and age, stability of blood samples storage at 4°C and amount of blood sample, were studied.

Keywords: COL3AI; PIIINP; Collagen; Quantitative real time PCR;
Doping abuse

Introduction

COL3AI gene is located in the autosomic chromosome 2 and encodes
the pro-alphal chains of type III collagen (PIIINP) protein [1,2].
Collagens are a family of proteins that strengthen and support many
tissues in the body and, particularly, PITINP is a fibrillar collagen that is
located in most soft connective tissues along with type I collagen such
as skin, lung, uterus, intestine walls and blood vessels walls. Among
other functions, it is involved on cortical development regulation, and
is the major ligand of ADGRGI in the developing brain. The C-terminal
propeptide, also known as COLFI domain, has crucial roles in tissue
growth and repair by controlling both, the intracellular assembly of
procollagen molecules and the extracellular assembly of collagen fibrils.
It binds a calcium ion which is essential for its function [3].

Several disorders have been described due to mutations in this gen or
alterations in the control of its regulation. Some of these are the Ehlers-
Danlos syndrome type IV [4], which consists in a connective tissue
disorder characterized by hyper extensible skin, atrophic cutaneous
scars due to tissue fragility and joint hyperlaxity; tympanosclerosis
[5], characterized by the formation of calcium deposits in the middle
ear; aortic and arterial aneurysms [6], which are an abnormal dilation
or widening of a portion of an artery, due to a weakness of the blood
vessel wall; non-alcoholic fatty liver disease [7], that is marked by liver
inflammation, which may progress to scarring and irreversible damage.
On the other hand, the PIIINP protein levels can be also altered by
the treatment with other drugs as the human recombinant growth
hormone (rhGH), which is used in children with growth disorders;
but it is also used by cheater athletes in the world of professional
competition to improve their performance, so some test detections

have been developed by the World Anti-Doping Agency (WADA) to
detect this sport abuse [8-10].

Currently, there are several validated methods to detect variations in
the PIIINP protein levels, but there is no method for the detection of
variations of the COL3A1 gene. Among the protein detection methods
there are two assays based on radioimmunoassay: the Cisbio RIA-gnost
PIIINP and the Orion UniQ" PIIINP RIA; and an assay based on an
immunoassay platform: Siemens ADVIA Centaur PIIINP. However,
these assays have limitations. Among them it is important to mention
its dependence on the gender and age [8,11-14], the fact that only
serum (but not plasma) can be used [15], also the faster elimination
of the PIIINP and, in case of radioactive methods, the need for high
security facilities as well as the risk involved in the handling of these
radioactive components. Therefore, the development of new techniques
which are reliable, robust and sensitive are still appropriate. Regarding
the detection methods of genetic level variation, no validated method
for this gene is known. But some non- validated methods based on
quantitative PCR have been developed in the study of some pathologies
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related with changes in the COL3A1 RNA levels [5,16,17].

In this context, we have recently established the optimal experimental
conditions for the detection of the COL3AI gene by quantitative real-
time PCR (RTqPCR). For this we were based on the previous knowledge,
which indicates that the rhGH treatment produces alterations in the
PITINP protein levels. In this paper, we have focused on develop and
assess of this detection method. In this context, a clinical trial with
14 healthy men volunteers that were treated with a low dose (0.026
mg'kg'day'person s.c.) of rhGH for three consecutive days, blood
samples (serum, plasma and PBL) were collected for ten days after the
first dose [18]. COL3A1I gene was evaluate in these samples by RIqPCR
approaches and compared with the PIIINP serum levels.

Also, a validation protocol of the method was assessed, and some aspect
as the potential influence of gender, age, accuracy, linearity, stability of
blood samples storage at 4°C and amount of blood sample were tested,
suggesting no influence of these potential confounding factors. Overall,
a new validated genetic protocol with high robustness, sensitivity
and wide detection time window is proposed for the detection of the
COL3A1I gene and could be used to support the diagnosis of diseases
related to this gene, and for the detection of rhGH abuse in cheating
athletes.

Methods and Materials

GH treatment in human subjects: Study design

Blood samples from the clinical trial performed at the Barcelona
Antidoping laboratory were kindly provided by Professor Jordi
Segura. This clinical trial was performed with 14 healthy men
volunteers in a randomized and controlled fashion. Recombinant 22
kDa hGH (Genotonorm?®, Pfizer, New York, USA) was administered
subcutaneously to 10 volunteers, 4 other volunteers were used as
controls without drug treatment (blank subjects). The volunteers were
recruited applying several selection criteria that included a normal
growth and development history, normal analytical values, as well as
exploratory information complementary performed prior to enrolling
in the trial, 20 to 30 years old and body mass index (BMI) around 22.5
+ 3.5. The protocol was approved by the Ethical Committee of Clinical
Research (CEIC) from Parc Salut Mar (n° 2012-003695-38, CEIC-Parc
Salut Mar, Barcelona, Spain) and the volunteers were administered daily
for 3 days with 0.026 mg'kg'day'person’ s.c. after overnight fasting.
Since the first administration of GH, blood (EDTA and serum tubes)
samples were collected at different time points for 10 days (0 h, 8 h, 24
h, 48 h, 72 h, 96 h, 168 h and 216 h) and processed after blood clotting
or immediately for obtaining serum and PBL.

Subjects

To validate the results obtained in the clinical trial, lymphocytes
samples from 10 sedentary women and 10 sedentary men were
collected following the selection criteria established for the volunteers
of the clinical trial and stored at -80°C until RNA extraction.

All the enrolled subjects gave their written informed consent obtained
from the Andalusian Public Health System Biobank located in Mélaga
and approved by the Ethics Committee of Clinical Research (CEIC)
from IBIMA. The study was carried out in accordance with The Code
of Ethics of the WMA (Declaration of Helsinki).

Lymphocytes

Blood samples were withdrawn from the antecubital vein.
Lymphocytes were obtained from blood treated with tri-potassium

ethylenediaminetetraacetic acid (EDTA- K3). After centrifuged the
samples for 10 min at 250 g, plasma was remove and lymphocytes were
purified with Histopaque-1077 (Sigma-Aldrich, Spain), following the
manufacturer’s instructions. The pellet of lymphocytes was stored at
-80°C until RNA extraction.

RNA isolation, cDNA synthesis and duplex-qPCR

Total RNA was extracted from samples of white blood cells using
TRIzol reagent (Invitrogen, Spain), following the manufacturer’s
instructions. An aliquot containing 0.5 ug of total RNA was reverse
transcribed using M-MLV reverse transcriptase (Invitrogen, Spain), 5
uM random hexamers and 2 mM dideoxy nucleotides (Roche, Spain)
in a total reaction volume of 20 pL.

Relative levels of human genes TBP and COL3A1 were determined
by multiplex (duplex) real-time PCR experiments using TagMan type
probes with HEX and FAM as fluorochromes, BHQ1 as quencher
and ROX for background normalization. Probes and oligonucleotide
primers were designed using Primer Express 2.0.0 (ABI PRISM,
Applied Biosystems) and synthesized by Sigma (Spain), and the
selected sequences were the following: for TBP, forward primer
5’-ccgaaacgccgaatataatcc-3 7, reverse primer 5’-ccgtggttcgtggetctct-3”
and probe 5°- [FAM] cggtttgctgcggtaatcatgaggat [BHQI1]-
3’; and for COL3AI forward primer 5’-gtcctattggtcctectgge- 37,
reverse primer 5’- accagggaaaccagcagg -3° and probe 5'-[HEX]
ctegtggtagecctggtgagagaggt [BHQI1]-3. Triplicates of duplex real time
PCR mixtures contained 5 uL of TagMan Gene Expression Master Mix
(Applied Byosistem, Spain), 0.2 uM of each primer, 0.20 uM of COL3A1
or IGF-1 probe, 0.25 uM of TBP probe, 1 uL containing cDNA resulting
from retro transcription of 25 ng of total RNA and RNase- free water
to a final volume of 10 pL. The amplification program to quantify each
gene was carried out in a PCR Light Cycler 480 II termocycler (Roche)
in the Instituto de Investigacién Biomedica de Malaga (IBIMA), as
follows: 1 cycle at 50°C for 10 min.; 60 cycles with steps at 95°C for 15 s.
and at 60°C for 1 min. with simultaneous detection of FAM, HEX, and
ROX. Gene expression was normalized to TBP using the mathematic
model 2-AACT described by Livak y Schmittgen [19]. The RTqPCR
assay data are reported as mean + standard deviation and were analyzed
with the student's t- test. Differences were considered significant at a
p-value less than 0.05.

PIIINP ELISA

PITINP serum levels were measured with an enzymatic method using
commercial ELISA kit based on a sandwich ELISA with paramagnetic
particles purchased from Siemens and using an ADVIA Centaur CP
system (Siemens Healthcare Laboratory Diagnostics, Camberley, UK).
Samples were processed following the manufacturer’s instructions. The
ELISA assay data are reported as mean + SD and were analyzed with
the student's t-test. Differences were considered significant at a p-value
less than 0.05.

Assay quality performance

To determine the suitability of the new COL3A1 detection assay over a
wide range of conditions, we tested the performance of the assay across
several criteria: accuracy, linearity, stability of blood samples storage
at 4°C, amount of blood sample, gender and age. We designed quality
performance experiments based on standardized definitions of these
parameters [20]. A representative RNA sample normalized to 25 ng/
uL using the Nano Drop 8000 instrument was used to study these
parameters and establish a robustness assay.

Results and Discussion
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The development of new detection and quantification methods of the
COL3A1 gene can be very useful in different areas, such as the support
of the diagnosis of different pathologies, knowing the patient’s status
treated with drugs, which produces alterations in this gene, or even for
the detection of abuse of drugs by cheater elite athletes. In this work,
a quantification method of the COL3A1 gene was developed. This
method allowed assessing variations of this gene and showed a high
sensitivity and robustness, as can be observed in the validation process
studied.

Quantitative expression of the COL3A1 gene in PBL after
rhGH treatment

After designing the specific primers and probe for the COL3A1 gene
and establishing the TBP protein as housekeeping gen to quantify the
expression of this gene in lymphocytes, samples from a rhGH clinical
trial were used to test the RTqQPCR assay developed in this study. Based
on a previous study performed in serum samples in others clinical trials
[9] COL3AI high levels could be possible at 72 and 96 hours. COL3A1
and PIIINP levels were tested and compared at all times evaluated in
this clinical trial. As displayed in Figure 1, changes in mRNA levels

of COL3AI were observed. A significant increase of mRNA level
was produced after 24 hours of treatment. The maximum expression
level was reached at 168 h with 3.0 + 1.10-fold increase, though high
expression levels were found at all times studied. In comparison with
the protein levels, high levels of PIIINP were found at all times tested,
but only at 72 and 96 hours results showed significant differences
(Figure 1).

Linearity

The linearity was tested in the COL3A1 and TBP gene to establish the
range of DNA amounts that enable accurate quantification [20,21].
Such information is valuable for determining the lowest concentration
at which reliable genetic altered data can be attained, particularly
when DNA is limiting. To study the linearity, a range of concentrations
between 1 to 40 ng was studied. All concentrations studied showed that
the range of linearity for this assay is greater and lower than the DNA
amount tested for both genes with a Pearson coefficient of 0.91 and 0.93
for COL3A1 and TBP respectively, which indicates that the assay could
give reliable data for samples with a limiting DNA concentration.
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Figure 1: Time courses of serum concentrations of PIINP and mRNA level expression of COL3A1 after rhGH treatment in treated (m) and untreated control (¢)
subjects. Mean values of every time point are represented. Bars show standard deviations. Levels of statistical significance compared with control subjects at the same

corresponding time: *0.01 < p £ 0.05, **0.001 < p £0.01, and ***p < 0.001.

J Chromatogr Sep Tech, an open access journal
ISSN: 2157-7064

Volume 9 « Issue 2 « 1000403



Citation: Martinez B, Jimenez A, Diaz T, Gémez JM, Hortas ML, et al. (2018) Development of COL3A 7-Specific Real-Time PCR Assay for Clinical
and Sport Detection Applications. J Chromatogr Sep Tech 9: 403. doi: 10.4172/2157-7064.1000403

Page 4 of 6

Assay accuracy

A good parameter to assess an analytical method is the accuracy
[20,21]. In this context, to evaluate the intra and inter-assay variability,
a cDNA sample of 20 ng was tested six times using the same assay for
COL3A1I and TBP genes. This cDNA sample was tested in six separate
experiments. All ¢cDNA samples yielded fairly low coefficients of
variation (Table 1) for both genes, which indicates that methodology is
very suitable for the detection assay studied.

Gender and age effect

Once the functionality of the detection method was confirmed, PBL
samples from male and female untreated subjects were collected and
tested to study the possible effect of age and gender.

As can be observed in Figure 2, no differences were observed as mean
values of 1 + 0.21 (men, n=10) and 0.91 + 0.16 (women, n=10) fold
mRNA expression were obtained for gender effect, respectively; and
homogeneous unified mean values of 0.93 + 0.21 (n=20) fold mRNA
expression were obtained for age effect (from 21 to 30 years, mean 25
years).

Primary study showed that gender and age in the methods developed,
affects the quantification of the PIIINP protein levels [8,11-14].
However, the results obtained to test the influence of gender and age
with this method suggested that none of these two variables afforded
differences when 10 women and 10 men between 21 and 30 years were
evaluated. Related with the age effect, more studies with a subgroup

with a larger age range should be studied to verify the non-influence of
this parameter.

Volume effects and stability of blood samples storage at 4°C

A limiting aspect in the clinical analysis is the volume of blood needed
to perform the different molecular determinations, because a high
number of parameters are evaluated in the same sample. Furthermore,
the samples must be manipulated following the quality standards [22].
Therefore, it was important to know the minimum volume of blood
to obtain an optimal concentration of mRNA to perform the method
described in this work. RNA from different blood volumes treated with
EDTA-K3 (from 0.5 to 3 mL), as displayed in Figure 3A, was extracted,
and the amount of RNA obtained was proportional to the blood volume
starting. The minimum blood volume evaluated was 250 pL and the
RNA concentration obtained was 28 ng/uL. These results were similar
to the obtained previously for PAXgene RNA tubes [23], so this method
showed an RNA efficient extraction protocol. After the linearity studies
conducted above Figure 4 which showed positive results with 1 ng of
cDNA, the results obtained in this experiment show that 250 uL of
blood would be sufficient to perform the detection of COL3A1 levels
with the proposed method, so it could be possible the determination of
other molecular or biochemistry parameters in the same sample.

Finally, another parameter to be evaluated was the storage time of the
blood collected at 4°C before the RNA extraction, normally in the
clinical analysis laboratories samples, it is not processed immediately
and takes some time before the sample processing is performed. In
this case, PAXgene blood RNA tubes were used to assess the storage
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Figure 2: Age and gender effect on COL3A1 gene expression. Left. PBL samples versus age. Right. PBL samples versus gender. Box plot compares median of
COL3A1 gene expression and COL3A1 concentrations in women (n=10) and men (N=10). Box plot explanation: upper horizontal line of box, 75" percentile; lower
horizontal line of box, 25" percentile; horizontal bar within box, median; upper horizontal bar outside box, 90" percentile; lower horizontal bar outside box, 10" percentile.

Cts Mean CV (%)
TBP
Intra-assay 23.59 0.91
Inter assay 23.55 1.03
COL3A1
Intra-assay 2517 2.71
Inter assay 25.81 1.77

Table 1: Intra and inter assay accuracy.
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Figure 3: Volume blood effect on RNA extraction (A) and stability of COL3A 1 expression levels in PAXgene Blood RNA tubes storage at 4°C (B). All points in the figure
are depicted with error bars that represent the standard errors of the mean. Levels of statistical significance compared with time 0: * 0.01< p < 0.05, ** 0.001 <p <
0.01, and ***p < 0.001.

Figure 4: Range of linearity for COL3A1 and TBP by TagMan real time PCR assays.

J Chromatogr Sep Tech, an open access journal
ISSN: 2157-7064 Volume 9 - Issue 2 « 1000403



Citation: Martinez B, Jimenez A, Diaz T, Gémez JM, Hortas ML, et al. (2018) Development of COL3A 7-Specific Real-Time PCR Assay for Clinical
and Sport Detection Applications. J Chromatogr Sep Tech 9: 403. doi: 10.4172/2157-7064.1000403

Page 6 of 6

effect, which are special for the RNA conservation because in the
manufacturer’s instructions indicate that the samples can be stored
at 4°C for 5 days without RNA degradation process. As displayed in
Figure 3B, results obtained for the gene study showed an increase in
its expression level of approximately twice when fresh samples were
compared with samples stored at 4°C for at least 24 hours. These results
remained elevated for 30 days at all times tested, but similar to data
obtained from 24 hours, and showed the recommendation of fresh
processing to obtain a maximum reliability of the proposed method.

Conclusion

A new COL3A1-Specific Real-Time PCR Assay has been developed and
tested in human samples in a clinical trial after administration of rhGH.
This method showed better sensitivity and detection time window in
comparison with other assays developed to detect the product of this
gene: PIIINP protein. A preliminary validation study was performed
on this method and all parameters studied showed a good robustness,
although more studies should be performed in this area before its
implementation in analysis laboratories. An important aspect of this
method was observed when it was tested the samples storage at 4°C,
which showed that this method is more reliable in fresh samples.
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