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ABSTRACT 
 

Without a ligand, Germ Cell Nuclear Factor (GCNF) binds to and represses 

genes.  Targets include Oct4 (involved in the pluripotency of embryonic and germ cells), 

CRIPTO-1 (found in undifferentiated stem cells), and reproductive genes in both the 

male and female including GDF-9 and BMP-15.  Previous studies using qRtPCR suggest 

that GCNF is involved in cell growth proliferation.  It was theorized that higher 

concentrations of GCNF would be found in growing tissues, for instance in embryonic 

and neonatal tissues, and lower concentrations in fully developed tissues.  Tests were 

conducted by isolating total RNA from hamster tissue samples, reverse transcribing it, 

and then followed up by RtPCR.  Standard curves from isolated ds DNA GCNF PCR 

product were created to allow the formation of a database monitoring changes in hamster 

tissue GCNF mRNA levels using ds DNA PCR product.  Linearity of the GCNF qRtPCR 

was reproducible over a broad range of DNA levels.  However, it was found that the 

sample tissues contained extremely low amounts of GCNF mRNA that could not be 

measured accurately or reproduced easily even by qRtPCR.  GCNF 351 primers were 

found to work better than the GCNFRT primers due to possible alternate splicing 

occurring in the mRNA not allowing GCNRT primers to bind.  The overall conclusion 

does not support the hypothesis that GNCF mRNA expression is greater in growing 

versus non-growing adult tissues.   
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INTRODUCTION 
 
Nuclear Receptor Family  

Nuclear receptors are transcription factors that function in development, 

differentiation, and homeostasis.15  This superfamily controls many reproductive 

processes via hormones like androgens, estrogens, progesterones1, retinoids, vitamin D, 

and thyroid hormone.2  Environmental chemicals and pharmaceuticals can block 

hormones or function as hormones to disrupt normal activity.3  Common characteristics 

of nuclear receptors include hydrophobicity, lipid-solublity, and relatively small size.20  

Common structural features of these receptors include domains for DNA-binding (DBD), 

dimerization, ligand binding (LBD), and transcriptional activities.2  Nuclear receptor 

ligands are steroids and other lipophilic molecules such as retinoic acid.4   

Receptors without known ligands are termed orphan receptors.  Germ Cell 

Nuclear Factor (GCNF) is an example of an orphan nuclear receptor.  GCNF also carries 

the names retinoid receptor-related testis specific receptor5, neuronal cell nuclear factor5, 

and NR6A1.6  GCNF is only distantly related to other nuclear receptors and has been 

placed in a sixth, separate branch.5  Many of the orphan receptors heterodimerize with the 

retinoid X receptor, however, GCNF does not.  In the absence of a ligand, GCNF 

homodimerizes, then binds to and represses genes.4  

 

GCNF Gene  

The gene for GCNF (NR6A1) is on chromosome 9 at locus q33-34.1 (Fig. 1A).  It 

contains an open reading frame encoding a 480 amino acid residue protein.  Several other 

protein isoforms have been found including: 495aa7, 479aa8, 476aa9, 475aa10, 454aa11, 
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232aa, and 231aa12.  These proteins are formed by alternative splicing mechanisms.  

Approximately twenty-seven12 alternative intron and exon splice sites have been 

identified.  Some differently sized mRNAs code for the same sized protein.50  

Conservation of this gene is found in the high similarities between both the ligand 

binding domain and the DNA binding domain.7 

Three large introns, ranging from 12kb- 15.9kb, separate exons 2-5.  Exon 2 is 

42bp13  and exon 3 is comprised of 45bp.13  For mammals, these lengths are relatively 

short.7  The DBD region of GCNF is encoded by 243bp in exon 413, and contains a zinc 

finger region at the N-terminus.5  While most nuclear receptor superfamily members have 

introns separating the two zinc fingers within the DBD region, GCNF does not.13  Exon 5 

encodes the T/A box and is 56bp.  The hinge region is encoded by exon 6 and part of 

exon 7.13  The LBD is encoded by exons 8-11.13 

I:\NR6A1 Gene  NR6A1 Protein  NR6A1 Antibody - GeneCards.mht

11101 2 3 9654 87

244 100   42  45         243        56     155            228             258           122       153      87   781

A/B C D E F

NH3 COOHAF-1 DBD Hinge LBD ?
 

Figure 1: GCNF- Gene to Function - The GCNF gene is found on chromosome 9 at 
locus q33-34.1 and contains 11 exons which encode five protein domains: A) GCNF 
chomosome location, B) Exon sizes separated by introns, C) domains (see text for 
description of each domain), D) protein functions. 

  244   100   42  45          243         56     155           228                  258            122      153       87   781 

COOH NH3 

A) 

B) 

C) 

D) 

T/A  P
  

D
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GCNF Protein Structure  

Nuclear receptors all share a general protein structure that is comprised of 5-6 

domains.14,15 The domains are lettered A-F from the N-terminus to the C-terminus and 

contain 4 primary functions and one unknown function (Refer to Figs. 1B and 1C).  The 

A/B domain contains the AF-1, activation function 1, which is specific to each isoform20 

and exhibits cell type specific functions.16 There are no conserved regions among nuclear 

receptors within the AF-1.  In some nuclear receptors, AF-1 acts to synergize with AF-2 

in the LBD (Region E).  Co-activators, like steroid receptor co-activator (SRC-2), bridge 

the gap between AF-1 and AF-2 to potentate transcriptional activation of a gene. 17 

Without AF-1, transcription is reduced.18  The AF-1 region has been shown capable of 

compensating for weak mutations within the AF-2 region.19  When separated from the 

receptor, AF-1 has the ability to act ligand-independently.  However, with the full length 

receptor, the activities of AF-1 are controlled by ligand binding to the LBD.20   

Domain C consists of the DBD which overall has a high cystine and basic amino 

acid content.15  In order for GCNF to regulate gene transcription, the DBD is required for 

binding the protein to the DNA response element.2  The DBD contains a core of 66 

highly conserved residues and the P, D, T, and A boxes.  The core includes two zinc 

finger motifs, two α-helices, and a COOH extension (CTE).20  The N-terminal α-helix is 

considered the DNA recognition helix.  When the GCNF receptor binds to the response 

element, the N-terminal α-helix is placed in the major groove of the DNA.22  The 

sequence elements within the P, D, T, and A boxes (Fig. 1) aid in defining the DBD 

response element specificity and the contacts that are made with the DNA backbone and 

the adjacent residues of the core recognition sequence.21  The P box can differentiate 
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between DNA sequences that vary at only 2bp positions.  This is what distinguishes 

recognition between the TGACCT and the TGTTCT half site variants.22  The T/A box 

contains an 18 amino acid sequence that is highly conserved.  This region mediates DNA 

binding and receptor dimerization.13 

Domain D acts as a hinge between the DBD and the LBD allowing changes in 

conformation.  This region also carries a form of nuclear localization signal.  However, 

the hinge is poorly conserved among species.20 

Domain E contains the LBD, which has four parts: a dimerization surface, a 

ligand-binding pocket, a co-regulator binding surface, and activation function helix.  The 

dimerization surface runs along the outside of helix ten23 and allows interactions with 

other GCNF LBDs in order to form dimers and hexamers.20  This process uses part of the 

surface generated by helix 3, which is the center of the GCNF dimerization interface, and 

may require helix 12 to be in contact with helices 1-3.2   The ligand binding pocket (LBP) 

is located behind helix 3 and behind helices 7 and 10.  It is highly hydrophobic with a 

few polar residues, which would serve as an anchor for a ligand at the deep end near the β 

turn.20  This region is highly variable between nuclear receptors and gives GCNF its 

uniqueness.   

The activation function helix, AF-2, is part of the LBP.24  It is located in the C-

terminal helix 12 and is highly conserved.  This area gives the LBD its ability to alter its 

conformation, to change dimerization properties, and thus, regulate DNA-binding and 

gene transcription.  The co-regulator binding surface of the AF-2 is exposed by the 

conformational changes of ligand binding and the repositioning of helices 3, 4, 12, and 

loop 3-4.  The AF-2 is able to distinguish between co-activators and co-repressors.14   
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Mutations within the helix 12 region can drastically reduce either or both homodimeric 

and monomeric binding.2 

Domain F is adjoined with domain E and is also referred to as the C-terminal 

domain.  This region is variable.  It’s function is poorly understood, however, it is 

believed that it is involved in ligand binding. 

 

GCNF Protein Function  

In the absence of a ligand GCNF functions as a transcriptional repressor of many 

pluripotency genes by binding to promoters at their response elements.  The biologically 

active form of GCNF exists as a transient, retinod-induced factor (TRIF).  The formation 

of the TRIF is dependant on the binding to the DNA DR0 element.25  The DR0 target 

sites are direct repeats between the half sites with zero base pair spacing with a sequence 

of AGGTCA (Fig. 2).26  GCNF differs from other, more closely related nuclear receptors, 

in that the mechanism of binding appears to be reversed, as it does not dimerize or form 

the TRIF without the presence of DNA.  The two-step DNA binding process for GCNF 

has the DBD dimerization and DNA binding first, followed by the LBD dimerization.  It 

seems that helices 3 and 11 of the protein have key functional sites involved in TRIF and 

dimer formation. 25 

One target for gene silencing is located on the Oct4 gene (Fig. 3).  Oct4 is 

activated by the binding of LRH-1 at the DR0 site of the promoter.  During 

differentiation, the GCNF hexamer replaces LRH-1 and recruits MBD3 followed by 

Dnmt3A or 3B to bind methylated CpG dinucleotides to the gene.  This is followed by 

recruitment of MBD2 or 2/3 complexes to finalize the gene silencing. Once the process is 
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finished the factors can be released and the Oct4 gene remains silenced.44  Oct4 remains 

active and unrestricted in germ cells in GCNF deficient specimens.27 

There is a possible linkage between retinoic acid signaling and GCNF.  In GCNF 

knockouts, the hindbrain development pattern is similar to that seen in reduced retinoic 

acid environments.  After exposure to retinoic acid in an embryonal carcinoma cell line, 

GCNF was massively up-regulated, suggesting that GCNF may act downstream of 

retinoic acid.44  During developmental stages, GCNF is required at several steps in the 

process to form functional neurons.  GCNF aids in the gathering of neural cells, 

formation of neuron networks, and the attainment of the normal polarity and conductance 

properties of mature neurons. It is also associated with the up-regulation of neuron-

specific microtubule-associated protein MAP2 and synaptic vesicle protein (Syp) and the 

down-regulation of nestin, a type VI intermediate filament protein.46   

The DR0 element in the CRIPTO-1 gene promoter is another target of GCNF.  

CRIPTO-1 is highly expressed in undifferentiated stem cells and acts as an oncogene in a 

broad range of tumors.  During embryonic stages CRIPTO-1 is critical for heart 

development and for anterior-posterior and left-right axes.  CRIPTO-1 is repressed by 

GCNF during retinoic acid differentiation and is only expressed at very low levels in 

normal adult tissues.  The pattern seen with GCNF during the retinoic acid differentiation 

was an initial spike followed by a steady shut down.  There are several pseudogenes of 

CRIPTO-1 that GCNF can also regulate.6 

Reproductive targets in males include the protamine genes 1 and 2, both of which 

contain DR0 elements within 400bp of the transcription start site.4   These genes play an 

important role in the differentiation of round spermatids to elongated spermatids.28  
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GCNF is highest in the spermatids during stages 1-8.29  Within the testis, GCNF is part of 

a balancing act with CREM  to control the expression of mitochondrial glycerol-3-

phosphate dehydrogenase (GPDH).  GPDH is related to fertility by aiding in the aerobic 

metabolism of sperm and therefore motility.30   

Reproductive targets in females include the bmp15 and gdf-9 genes that are up-

regulated during diestrus.46  Through these genes GCNF directly regulates 

communication between the oocyte and somatic cells via paracrine signaling.  Knockouts 

of GCNF have resulted in decreased fertility by primary defects in the oocytes and 

secondarily by lengthened diestrus and abnormal steroidogenesis.31  On the estrogen 

receptor, GCNF can bind to two different places: to the DR0 as a homodimer or to an 

extended half-site (TCAAGGTCA) as a monomer, homodimer, or both.   

A)   B)  

Figure 2. DNA DR0 Target Site- GCNF protein uses the DBD to bind to DNA at A) 
DR0 sequences (AGGTCA) or at B) DR0 extended half sites (TCAAGGTCA). 
 

Dmnt3/2

Co-Act

LRH-1

Loss of activation

GCNF

MBD3

GCNF

MBD2

Dmnt3/2

GCNF

MBD3 MBD3

SilencedBind methylated CpG dinucleotides  

Figure 3. Oct4 gene silencing by GCNF protein - GCNF replaces LRH-1 and recruits 
MBD3 followed by Dnmt3A or 3B to bind methylated CpG dinucleotides to the gene.  
MBD2 or 2/3 complex recruitment finalize the gene silencing and the factors are 
released. 
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GCNF Co-Regulators 

The newly exposed surface of the AF-2 that arises from ligand binding facilitates 

co-activator binding which positively affects transcriptional activity.24  Many of the co-

activator proteins contain nuclear receptor boxes which are helical LXXLL motifs32, 

referred to as the NR box.33  This LXXLL alpha helix binds to the LBD to a hydrophobic 

cleft, bounded on one side by AF-2 and the other by the end of helix 3.  A true natural 

ligand has yet to be found for GCNF.24  Therefore, a lack of ligand binding may do the 

opposite and attract co-repressors, which have an extended helix.24  Co-repressors have a 

similar sequence as the NR box of co-activators, referred to as CoRNR box.  This box is 

necessary for binding to nuclear receptors and the adjacent sequences determine the 

nuclear receptor specificity.33  The CoRNR boxes within a co-repressor are more 

conserved across species than the co-repressor as a whole is within the same species.34  

The NR box and the CoRNR box are what determine the difference between ligand 

bound and unbound nuclear receptors.33  Evidence suggests that the co-repressor binding 

site is larger than the co-activator binding site.  The co-repressor binding site may also 

overlap the co-activator binding site and part of helix 12.35  There are many co-repressors, 

two of which and RAP80 and nuclear receptor co-repressor.  

RAP80 is a 719 amino acid residue protein that acts as a modulator to GCNF.38  It 

contains two ubiquitin-interacting motifs at its N-terminus, three nuclear localization 

signals, a Glu-rich region, and a PEST sequence.36  RAP80 resides in the nucleus, most 

likely in a complex38, to participate in DNA damage response and double-strand break 

repair.37  RAP80 is highly expressed in the germ cells and is not differentially regulated 

until spermatogenesis, however, it is also generally expressed in many tissues, suggesting 
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other functions and interactions besides those involving GCNF.38  Rap80 may serve 

several functions when bound to GCNF such as a co-repressor since Rap80 does inhibit 

basal transcriptional activity.  Other possibilities include acting as a mediator to recruit 

more proteins or target GCNF to another complex.  RAP80 physically interacts with 

GCNF and inhibits GCNF from interacting with the co-repressor N-CoR through steric 

hindrance.38   

Nuclear receptor co-repressor (N-CoR) and the silencing mediator for retinoid and 

thyroid receptor (SMRT) are closely related family members39 that repress gene 

transcription from histone H3 and/or H4.43  Both co-repressors contain three different, 

highly conserved repression domains referred to as RD1, RD2, and RD3.40  Under normal 

conditions N-CoR and SMRT form tight, stoichiometric complexes with histone 

deacetylase 3 (HDAC3).41  The N-CoR complex has a significantly greater number of 

proteins in it than does the SMRT complex.40   

The hinge region (D) has been found to be essential for the interaction between 

GCNF and N-CoR.   Genetic deficiencies of the N-CoR have lethal consequences 

highlighting its importance as a developmental regulator.  Although N-CoR has the 

ability to act as a co-activator, in the case of GNCF it acts as a co-repressor.  N-CoR acts 

as a link between particular combinations of co-repressors and the short- and long-term 

repression effects of nuclear receptors and other transcription factors on gene targets.  

Critical roles have also been determined for erythroid and thymocyte development.  In 

order to function, N-CoR requires HDAC actions.42   

Histone deacetylases deacetylate core histone amino-terminal tails of chromatin 

leading to gene repression.  Alone, HDAC3 is not active; the enzyme must become 
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competent by the addition of N-CoR or SMRT.41  If one of the complexes is recruited to a 

gene template acetylated on histone H3, then there is strong repression of transcription.  

However, the activity is completely dependent on HDAC3.  For gene templates 

acetylated on histone H4, binding of co-repressors to the promoter region of a gene is 

sufficient to repress transcription.43    

 

GCNF Expression  

GCNF is critical in the embryonic developmental pathway.  Knockout specimens 

show significant defects that are lethal.  In the posterior development, marker genes 

showed alterations in the primitive streak, the node, and the presomitic mesoderm. 

Embryos remain in the lordotic position while the greater part of the neural tube and 

hindgut remain open.  Defects in the trunk development mostly occurred in 

somitogenesis, deficient embryos having only 13 compared to the normal 25 somites.  

The tailbud also developed ectopically outside the yolk sac.4  Functional conservation 

between the species of the GCNF gene is apparent due to the fact that along with humans 

and mice, amphibians also express lethal embryonic defects in the absence of GCNF.4  

During embryonic development GCNF is highly expressed and has been 

documented in early embryonic stem cells, trophoblast, and neural precursor cells.38  It 

has been specifically shown in the gastrula and neural stages, both of which inversely 

correlate to Oct4 repression.44   In embryonic tissues, GCNF has been shown to have 

expression in the ectodermal structures and the primitive streak at day 6.5, was more 

restricted to the nervous system at day 9.5, and was radically down-regulated at day 10.5.  

In adult tissues, GCNF is mainly expressed in the germ cells of the ovary and testis.6  The 
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follicular oocytes show expression at various stages except for the primordial stage.45  

GCNF is also up-regulated in embryonal carcinomas.46 

 

Previous Studies 

It is well established that GCNF is expressed during embryonic development and 

in adult germ cells, however, evidence for its existence in other adult tissues is unclear.  

The GCNF RNA message has been shown at low levels in the liver, lung, and kidney.47  

Another study also showed GCNF in the adult kidney in both the proximal and distal 

tubules.48    Neuronal cell nuclear factor (NCNF), having practically the same sequence as 

GCNF, transcripts have been identified throughout the adult brain.49  There are at least 

three different sizes of RNA transcripts (7.4, 3.1, and 2.3kb) that have been detected in 

different tissues.  The 7.4kb and 2.3kb transcripts have been found to be translated into 

the same size protein.50  Other reports show that the adult liver, kidney, and brain have no 

detectable GCNF protein.51  Many of the differences in these reports may have to do with 

experimental design, the test being preformed, and the use of RNA vs. protein.  Overall, 

there has not been much attention given to GCNF in other adult tissues. 

Based on preliminary data, GCNF is supposedly suppressed in adult tissues 

except those that continue to proliferate, the thought came that GCNF may be an 

important growth regulator.  It was then theorized that GCNF is constitutively expressed 

which contributes to the neoplastic state.  This project began by examining the 

relationship between GCNF expression and ovarian cancer.  It was shown that GCNF 

was expressed in germ cell tumor CRL 1572, epithelial ovarian cancer ES-2 and 

OVCAR3, and mink lung epithelial MLEC lines.  The GCNF protein itself was found in 
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germ cell tumor CRL 1572, epithelial ovarian cancer ES-2 and TOV 112, and mink lung 

epithelial MLEC lines.  During testing, TGF-ß1 stimulated proliferation in PA-1 cells 

and inhibited proliferation in MLEC cells at 1 ng/ml by 54% and at 5 ng/ml by 70% 

(Figure 4A).  In the MLEC cells, the GCNF mRNA also decreased at 1 ng/ml by 37% 

and at 5 ng/ml by 69% linking the decreased proliferation to a decrease of GCNF mRNA 

(Figure 4B).  In TOV-112 ovarian cancer cells, siRNA was used to knockdown GCNF 

mRNA.  Cell proliferation was inhibited by 37.8% (Figure 5A) and the GCNF mRNA 

was decreased by 40% (Figure 5B).  Combined, these studies provided a correlation 

between GCNF expression and growth.  To expand the research, normal adult tissues 

were questioned.  Although adult tissues may no longer be growing, some cells within 

tissues continually proliferate to replace dead or damaged cells.  The current project 

begins to examine GCNF expression in different tissues and at different developmental 

stages. 

A) B)  

Figure 4. Relationship between proliferation and GCNF - A) MLEC cell proliferation is 
inhibited by TGF- 1 at 1 ng/ml by 54% and at 5 ng/ml by 70%.  B) GCNF mRNA is 
similarly decreased at 1 ng/ml by 37% and at 5 ng/ml by 69%.52 
 

54%  70% 

37%   69% 
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A)  B)  

Figure 5. TOV-112 Relationship between Proliferation and GCNF: A) proliferation was 
inhibited by 37.8% and B) GCNF mRNA was decreased by 40% using GCNF siRNA.52 

37.8% 40%   40% 
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SPECIFIC AIMS 

 
 

Specific aims were derived from a grant application prepared by my mentor, Dr. 

Jeffrey May, PhD. Previous studies by graduate students have suggested a connection 

between GCNF expression and growth, i.e. cell proliferation.  It is hypothesized that 

GCNF expression and cell proliferation are linked and that suppression of growth will 

thus, impact GCNF expression. 

Thesis: If GCNF and cell growth are linked, GCNF may be expressed in neonatal tissues 

which are growing, but expression may decline as tissues cease growth in adult animals. 

 

 Establish if existing primers GCNF Real Time and GCNF 351 work in hamster. 

 

 Standardize RtPCR for GCNFRT in order to quantitatively compare unknown 

samples. 

 

 Test the range limits of the RtPCR system. 

 

 Using RtPCR, compare high and low growth periods during the hamster lifecycle 

ranging from embryo day 15 to 831 days. 

 

 Compare the expression of GCNF between different tissues at specific 

developmental periods. 
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MATERIALS and METHODS 
 

RNA Isolation 

 RNA was isolated using manufacturer-recommended conditions, Biotecx-

UltraSpec RNA #27, 1992, as summarized in Table 1. Tissues were homogenized with a 

partial amount of UltraSpec RNA reagent (Biotecx Laboratories, Inc., Houston, TX, 

#BL-10200) in a 1.5 ml DEPC-treated microfuge tube.  The pestle was rinsed with the 

remaining UltraSpec to total 1 ml per approximately ~100 mg tissue.  The sample was 

allowed to sit on ice for 5 minutes, after which 0.2 ml per 1 ml UltraSpec molecular 

biology grade chloroform was added and shaken vigorously for 15 seconds.  The sample 

was again allowed to sit on ice for 5 minutes and then centrifuged for 15 minutes at 

12,000 rpm at 4°C.  The upper clear RNA phase was removed from the lower cloudy 

DNA and protein phase and transferred to a new 1.5 ml DEPC-treated microfuge tube.  

Equal volumes of cold, 100% isopropanol were added to the samples and were allowed to 

sit overnight at -20°C for the RNA to precipitate.  The samples were then centrifuged for 

30 minutes at 12,000 rpm at 4°C.  The supernatant was removed and the RNA pellet was 

washed twice with cold 75% ethanol, vortexed, and centrifuged for 5 minutes at 7,500 

rpm at 4°C.  The supernatant was again removed and the RNA pellet dried under vacuum 

in a Savant SpeedVac for about 10 minutes.  Lastly, 25 µl nuclease-free water was added 

to the RNA pellet and vortexed 1 minute.  Samples were stored at –20°C for subsequent 

use.  The total RNA amount was measured using an Eppendorf Biophotometer to 

measure the absorbance at 260/280.  If the RNA did not resuspend well and the samples 

were cloudy, an additional 25 µl aliquot of nuclease-free water was added and the RNA 

content re-assessed. 
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Table 1. RNA Isolation Procedure Summary 

 
 

Reverse Transcription 

 Reverse transcription uses isolated total RNA, randome primers and/or poly dT 

primers, to produce single stranded cDNA.  Two different protocols were utilized 

depending upon the downstream PCR method to be used.  The Promega protocol was 

used when preparing RNA for standard PCR.  The SuperScript protocol was employed 

when preparing for RtPCR. 

The protocol followed the Promega-Reverse Transcription System for the 

standard curve, summarized in Table 2.  A master mix was prepared with the reagents 

from the Reverse Transcription System (Promega, Madison, WI, #A3500), which 

included: RT buffer, MgCl2, dNTP, RNA’sin, AMV reverse transcriptase, oligo (dT), and 

random primers.  The standard protocol used 5 ug RNA.  The final volume of 20 µl was 

obtained by adding nuclease-free water.  The samples sat at room temperature for 10 

minutes to anneal the primers, at 45°C for 50 minutes to synthesize cDNA, and then 

heated to a rolling boil for 3 minutes to denature reverse transcriptase. 

Reagent/ Procedure Amount  Time Temperature Purpose 
Tissue 50-100 mg   Sample 
Ultraspec 1 ml 5 min ice Homogenize 
Chloroform 200 µl 5 min ice RNA Extraction 
Centrifuge (12,000rpm)  15 min 4°C  
Separate RNA     
Cold 100% Isopropanol  Overnight -20°C Precipitation 
Centrifuge (12,000rpm)  30 min 4°C  
Cold 75% Ethanol (2X)    Wash 
Centrifuge (7,500)  5 min 4°C  
Air Vacuum  10 min ice Dry 
Nuclease-free Water 25 µl   Suspend 
Vortex  1 min   
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The unknown samples and lower value standard curve used the protocol 

summarized in Table 3 and reagents from SuperScript III First-Strand Synthesis 

SuperMix for qRT-PCR (Invitrogen, Carlsbad, CA, #11752).  The 2x RT Reaction Mix 

(MgCl2, dNTPs, oligo primers, and random primers) and RT Enzyme Mix were 

combined, 1-10 µg total RNA added, and the final volume of 20 µl was obtained by 

adding nuclease-free water.   The samples were mixed gently, incubated at 25°C for 10 

minutes, at 50°C for 30 minutes, at 85°C for 5 minutes, and then chilled on ice.  

Afterwords, 1 µl E. coli RN’ase H was added to each sample and incubated at 37°C for 

20 minutes.  Samples could then either be used directly or stored at -20°C.  

 
Table 2. Promega-Reverse Transcription System Summary 
 
Reagent/ Procedure Amount  Time Temperature Purpose 
RT Buffer 2 µl   Stabilize 
MgCl2 4 µl    
Deoxynucleotide 
triphosphates (dNTP) 

2 µl   Building Blocks 

RNA’sin 0.5 µl   Ribonuclease 
Inhibitor 

AMV Reverse Transcriptase 0.75   Transcribes RNA 
Oligo (dT) Primers 1 µl   3’poly A region 
Random Primers 0.4 µl   Throughout 
mRNA 5 µg   Sample 
Nuclease-free Water To 20 µl 10 min Room Temp  
Incubate  50 min 45°C DNA Synthesis 
Stop Reaction  3 min Rolling boil Stop Reaction 
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Table 3: SuperScript III First-Strand Synthesis SuperMix Summary 
 
Reagent/ Procedure Amount  Time Temperature Purpose 
2x RT Reaction Mix     
RT Enzyme Mix    Protect RNA 
RNA    Sample 
Nuclease-free Water To 20 µl 10 min 25°C  
Incubate  30 min 50°C DNA Synthesis 
Incubate  5 min 85°C Inactivate  
Incubate  3 min ice Cool for E. coli 
E. coli RN’ase H 1 µl 20 min 37°C Remove RNA 

template 
 
Oligonucleotide Primers 

The GCNFRT primers used were originally created for other experiments 

involving analysis of human GCNF mRNA via real-time PCR.  Accordingly they were 

human specific.  GCNF 351 primers were formulated by utilizing homologous regions in 

human and mouse sequences.  Primers were selected using the National Center for 

Biotechnology Information database website.  The real-time primers were assessed using 

Netprimer software (premierbiosoft.com/netprimer). No intra- or interchain dimerization 

or stem loop structures were exhibited.  Each of the primer sets was designed to span at 

least one intron to insure that mRNA was being used as a template rather than genomic 

DNA.  The primers GCNF 351 up and GCNF 351 dn were synthesized to consist of 5’ 

GAACAACGAACCTGTCTCAT 3’ and 5’ ATGGTTGCTCCAGTGATTG 3’ 

respectively (Sigma, The Woodlands, TX).  The PCR end product was 351bp long.  With 

the larger product size and less stringent characteristics, this primer set was not meant for 

RtPCR since there was only a short extension period.  The primers GCNFRT up and 

GCNFRT dn were synthesized to consist of 5’ GCT AAT CCT GCT GTC TTC CC 3’ 

and 5’ ACT CCT CGT TGC TGA CCT TT 3’ respectively (Sigma, The Woodlands, 

TX).  Both primers are summarized in Table 4.  When received, they were diluted to 100 
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pmol/µl, aliquoted to small amounts, and stored at –80°C.  For use, the primers were 

further diluted to 10 pmol/µl.  The final product size for GCNFRT was 187 bp.   

 
Table 4. Primer Sequences and End Product Size Summary 
 
Name of Primer Direction Sequence (5’3’) End Product (bp) 
GCNF 351 up Sense  GAACAACGAACCTGTCTCAT 351 GCNF 351 dn Antisense ATGGTTGCTCCAGTGATTG 
GCNFRT up Sense GCTAATCCTGCTGTCTTCCC 187 GCNFRT dn Antisense ACTCCTCGTTGCTGACCTTT 
 

 

Figure 6. GCNFRT and GCNF 351 Primer Locations in GCNF mRNA 
 

Standard PCR 

 The polymerase chain reaction (PCR) exponentially amplifies short regions of a 

longer single strand of cDNA.  Double stranded DNA is created and then denatured.  

Each cycle of the reaction essentially doubles the amount of the target.  

 The reagents and protocol for standard PCR are from PCR Core System I 

(Promega, Madison, WI, #M7660) summarized in Table 5.  Thermophylic DNA 

Polymerase10x Reaction Buffer MgCl2-free, MgCl2, PCR Nucleotide Mix, Taq DNA 

  244   100  42 45        243         56    155          228                 258           122     153      87    781 
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Polymerase, and nuclease-free water were combined into a master mix and then 20 µl 

aliquoted for each sample.  Subsequently, primers, GCNFRT up/dn, 2. 5µl each, 5 µl 

DNA , and nuclease-free water were combined to obtain a final volume of 50 µl .  

Finally, 50 µl of mineral oil (Sigma, St. Louis, MO, #M8410) was placed over the sample 

and the sample placed in the Thermolyne Amplitron II Thermalcycler.  The initial 

denaturation was at 94°C for 2 minutes, followed by 35 cycles of denaturation at 94°C 

for 1 minute, annealing at 60°C for 1 minute, and extention at 72°C for 5 minutes.  The 

final extension was at 72°C for 12 minutes, and then held at 4°C until the run was 

stopped.   

Table 5. PCR Protocol Summary - A) PCR Core System I Summary, B) PCR 
Thermalcycler Temperatures and Times 
 
A) 
Reagent/ Procedure Amount  Purpose 
DNA Polymerase10x 
Reaction Buffer MgCl2-free 

5 µl Stabilization 

MgCl2 3 µl Required by Taq 
PCR Nucleotide Mix 2 µl Building blocks 
Taq DNA Polymerase 0.25 µl Bind DNA 
Nuclease-free Water 9.75  
Primers (2) 2.5  µl each GCNFRT up/dn 
RNA variable Sample 
Nuclease-free Water To 50 µl  
Mineral Oil 50 µl Prevent evaporation 

and help maintain 
temperature 

 
B) 
 Purpose Temperature Time 
Stage I Denature 94°C 2 min 
Stage II (35 cycles) Denature 94°C 1 min 
 Anneal 60°C 1 min 
 Extend 72°C 5 min 
Stage III Extend 72°C 12 min 
Hold  4°C Indefinitely 
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Agarose Gel Electrophoresis 

 Product separation and verification of the standard GCNF curve and unknown 

samples were achieved by 2% agarose gel electrophoresis summarized in Table 6.  A 

combination of 10xTAE, Milli-Q water, agarose, and ethidium bromide was boiled until 

dissolved, allowed to sit at 50°C for 5 minutes, and finally poured into a gel mold to sit 

for at least 10 minutes.  Gels were placed in a 10% 10xTAE solution and loaded along 

with a 15 µl mixture of 15 µl sample or 100 bp ladder and 3 µl GLB (6x xylene cynnol 

blue dye).  The voltage was set at 30 mV for 5-10 minutes to allow the DNA to enter into 

the gel and then increased to 84 mV for 50 minutes.  Products were visualized using 

ultraviolet light and photographed with a Kodak EDAS Photo documentation system.    

Table 6. Agarose Gel Electrophoresis Summary 
 
Reagent/ 
Procedure 

Amount (small gel) Time Temperature Purpose 

10xTAE 3.5 ml   pH, conductivity 
Milli-Q water 31.5 ml    
Agarose 0.7 g    
Ethidium Bromide 2 µl  Rolling boil Fluorescent dye 
Incubate  5 min 50°C  
Mold  10 min Room Temp  
Solution 10xTAE 22 ml   pH, conductivity 
Solution Milli-Q 
water 

198 ml    

Sample GLB 3 µl   Labeling, weight 
Sample DNA 15 µl   Sample 
 

 

DNA Extraction 

 Once the DNA fragments were separated by size, the correct sized product was 

extracted and purified.  The purification involved removal of agarose, protein, salt, 

ethidium bromide, and other non-nucleic acids. 
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 DNA extraction for the standard curve uses the reagents and protocol for QIAEX 

II (Qiagen, Valencia, CA, #20021) summarized in Table 7.  Product bands were cut from 

the agarose gel using a scalpel.  Two bands were placed into each microfuge tube and 

weighed.  For each sample, 300 µl Buffer Qx1 (per 100 mg sample) and 30 µl QIAEX II 

were added and then incubated at 50°C for 10 minutes while vortexing every 2 minutes.  

Samples were then centrifuged for 30 seconds and the supernatant discarded. To the 

pellet, 500 µl Buffer QX1 was added, vortexed, and centrifuged for 30 seconds.  The 

supernatant was discarded once again and washed twice with 500 µl Buffer PE, vortexed 

and centrifuged for 30 seconds.  The pellet was air dried for 20 minutes (until white) and 

20 µl 10mM Tris-Cl (pH 8.5) was added.  After being vortexed the samples were allowed 

to sit at room temperature for 5 minutes.  The samples were centrifuged for 30 seconds 

and the supernatant containing the purified DNA transferred to a new tube.  Another 20 

µl 10mM Tris-Cl (pH 8.5) was added to the remaining pellet, vortexed, incubated at room 

temperature for 5 minutes, and centrifuged for 30 seconds.  The supernatant is transferred 

to the previous tube containing the purified DNA.  The double-stranded DNA amount 

was measured using an Eppendorf Biophotometer for  260/280 nm spectrometry.  

Samples were stored at –20°C. 
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Table 7. QIAEX II DNA Extraction Summary 
 
Reagent/ 
Procedure 

Amount  Time Temperature Purpose 

Band form gel 100 mg   Sample 
Buffer Qx1    Solubilize gel 
QIAEX II 30 µl 10 min   50°C Adsorb DNA 
Centrifuge  30 sec   
Buffer QX1 500 µl   Adsorb DNA 
Centrifuge  30 sec   
Buffer PE (2x) 500 µl   Remove salts 
Centrifuge  30 sec   
Incubate  20 min Room Temp Dry 
10mM Tris-Cl 20 µl 5 min Room Temp Elute 
Centrifuge  30 sec  Supernatant 
 

 

DNA Elution  

 The DNA was extracted from the gel and DNA prepared for the standard curve  

was re-precipitated using the Qiagen k System as summarized in Table 8.  To each 

sample, 3.5 µl (0.1 of volume) 3M sodium acetate, 77 µl (2x of volume) cold 100% 

ethanol, and 2 µl pellet paint (Novagen, La Jolla, CA, #69049-3) were added and mixed 

by hand.  The samples were allowed to sit overnight at –20°C.  The samples were then 

centrifuged at 13,000 rpm at 4°C for 25 minutes.  The supernatant was discarded, the 

pellet rinsed with 1 ml cold ethanol, and recentrifuged at 13,000 rpm at 4°C for 25 

minutes.  The supernatant was removed and the pellet dried in a Savant vacuum 

dessicator for about 10 minutes.  The double stranded DNA PCR product was 

resuspended in 55 µl 10mM Tris (pH 8/EDTA) and the amount determined by Eppendorf 

Biophotometer spectrometry at 260/280 nm. 
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Table 8. Qiagen k DNA Elution Summary 

Reagent/ Procedure Amount  Time Temperature Purpose 
DS DNA    Sample 
3M sodium acetate 0.1 of volume    
cold 100% ethanol 2x of volume    
Pellet paint 2 µl overnight -20°C Visualize 
Centrifuged (13,000 rmp)  25 min 4°C Pellet 
cold 100% ethanol 1 ml   Wash 
Centrifuged (13,000 rmp)  25 min 4°C Pellet 
cold air vacuum  10 min  Dry 
55µl 10mM Tris 55 µl   Suspend 
 

 

RtPCR 

Real Time Polymerase Chain Reaction was accomplished using reagents and 

protocol from SYBR Premix Ex Taq (TaKaRa, Madison, WI, #RR041A) summarized in 

Table 9.  In the Smart Cycle reaction tube 10.5 µl nuclease-free water, 12.5 µl SYBR 

premix Ex Taq, 0.5 µl GCNFRT up/dn, and 1µl DNA were combined.  Reagents were 

added in sequence with the sample added last.  All steps were done individually and then 

removed from the area to prevent aerosol-based contamination.  Following reagent 

addition , the mixture was centrifuged into the reaction chamber.  All steps were 

performed under low light and were tapped down after each addition.  The samples sat in 

complete darkness for 5 minutes and then temperature cycling began on a Smart Cycler II 

System: Stage I 95°C for 15 seconds, Stage II cycled 40 times 94°C for 15 seconds, 60°C 

for 30 seconds, 72°C for 15 seconds, and Stage III melt from 60°C to 95°C at a rate of 

0.2°C per second.  The first 13 cycles read by the Smart Cycler were considered 

background and were subtracted from subsequent readings.  The anneal temperature 

difference between GCNFRT (60°C) and GCNF 351 (55°C) can be seen in Fig. 7.  The 
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melt stage slowly increased in temperature and fluorescence loss indicated the 

temperature at which the dsDNA broke down releasing the SYBR green fluorescent 

indicator, which was no longer fluorescent.  The melt temperature was used to indicate 

proper GCNF product, as GCNFRT melted at 85°C and GCNF 531 melted at 87°C.  A 

summary of the entire process from RNA isolation to RtPCR is listed in Table 8. 

Table 9. RtPCR Protocol Summary - A) Summary of RtPCR protocol, B) Smart Cycler 
RtPCR Temperatures and Time Periods for GCNFRT, C) Smart Cycler RtPCR 
Temperatures and Time Periods for GCNF 351 
 
A) 
Reagent/ Procedure Amount  Purpose 
nuclease-free water 10.5 µl  
SYBR premix Ex Taq 12.5 µl Fluorescence 
Primers 0.5 µl each GCNFRT up/dn 
DNA 1 µl Sample 
Dark   
 
B) 
GCNFRT Purpose Temperature Time 
Stage I Denature 95°C 15 sec 
Stage II (60 cycles) Denature 95°C 15 sec  
 Anneal 60°C 30 s 20 sec 
 Extend 72°C 15 s 16 sec 
Stage III Melt  60°C-95°C 0.2°C/sec 
 
C) 
GCNF 351 Purpose Temperature Time 
Stage I Denature 95°C 10 sec 
Stage II (60 cycles) Denature 95°C 10 sec 
 Anneal 55°C 15 sec 
 Extend 72°C 30 sec 
Stage III Melt  60°C-95°C 0.2°C/sec 
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Figure 7. RtPCR Program Variations between GCNFRT and GCNF 351 - GCNFRT had 
a 60°C anneal temperature while GCNF 351 annealed at 55°C. 
 
 

 

Figure 8. Flowchart of procedures. 
 

Hamster Tissue Samples 

 Adult hamsters were terminated by carbon dioxide asphyxiation followed by 

cervical dislocation.  Neonatal hamsters tissues were obtained following decapitation.  

Tissues were harvested (about 100 mg), blotted to remove blood, and snap frozen in pre-

weighed, labeled, DEPC-treated bullet tubes.  Tubes were briefly reweighed to obtain the 

55C → 
60C → 
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weight of the tissue.   Hamster tissues were collected during previous time-line studies 

and had been stored in -80°C.  The sample ages ranged from embryonic day 15 to 831 

day-old adults.  

 MCF-7 and HS587T are both breast cancer cell lines acquired from American 

Type Culture Collection (#HTB-22 and HTB-126, respectively) and used as positive 

controls.  The cells were stored in liquid nitrogen until thawed and cultured.  The cells 

were cultured in FD medium plus 10% fetal calf serum and harvested at near confluence 

with UltraSpec.  Purified total RNA aliquots of 1 ml were stored in -70°C until use.   
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RESULTS 
 

Primers GCNF and GCNFRT in Hamster Tissues 

 Liver RNA at three ages, 9 d, 46 d, and 258 d was isolated and reverse transcribed 

by the Promega System to cDNA.  The resulting cDNA was subjected to standard PCR 

and the products separated on agarose gel electrophoresis.  Both GCNF 351 and 

GCNFRT primers sets produced products at their correct sizes, 351 and 187 base pairs, 

respectively (Fig. 9).  In the 258 d GCNF sample a minor band at 600 base pairs was also 

observed using the 351bp primers.   

 
 
Figure 9. Agarose Gel Electrophoresis of Primers GCNF and GCNFRT in Hamster 
Tissues - Correct band size for both primers, 351 and 187 base pairs respectively.  
Another band at 600 base pairs observed in the 258d sample.       
 

 

QRtPCR Standard Curve and Low Ranges of the Real Time Cycler 

A standard curve was completed ranging from1026.25 pg – 0.000047 pg using 

GCNFRT primers and dsDNA.  RNA was isolated from hamster liver at 9  or 88 days 
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and then reverse transcribed by the Promega-Reverse Transcription System or Invitrogen 

Superscript III.  Standard PCR was performed followed by agarose electrophoresis and 

DNA extraction in order to collect purified ds GCNF DNA PCR product.  The DNA was 

eluted, quantified, and RtPCR was performed.  A large amount of DNA was used at the 

beginning to establish a test range, 20525 – 205.25 pg (Fig. 10).  The upper range of 

DNA that could be used was between 20525 and 2052.5 pg, 20525pg overloaded the 

system, but 2052.5pg was a readable product.  Following this, the samples were used 

between 1026.25 – 10.26 pg (Fig. 11, data summarized in Table 10).   The standards 

cycled in a sequential fashion based upon initial DNA content to produce a standard 

curve.  The data were consistent for the three runs and produced a linear function (Fig. 

12).     

An example of the data obtained from RtPCR (DNA range 94.1 – 0.18 pg) is 

shown in Fig. 13.  All of the standards crossed the threshold, set at 30, in a sequential 

fashion during RtPCR.  The DNA Blank also crossed the threshold several cycles after 

the samples.  The melt curves (Fig. 13B) showed all of the standards melted at about 

85°C, consistent with product.  The DNA Blank on the other hand melted at a lower 

temperature of 80.59°C.  The data are summarized in Table 11.  Agarose electrophoresis 

gel confirmed these findings, showing that the curve standards had the correct size of 187 

bp, while the DNA Blank was much smaller (Fig. 14).  When data from three runs were 

plotted on a logarithmic graph, a linear function was observed (Fig. 15).  Results from 

0.18 pg, the lowest concentration, were removed from analysis due to larger variability.  

  The RtPCR Standard Curve DNA range was further lowered. For example, in Fig. 

16 samples ranging from 0.24 – 0.000047 pg DNA) showed the curve crossing the 
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threshold during cycling in a DNA-dependent sequential fashion and melting 

temperatures about 85°C.  The 0.0004 pg standard crossed several cycles behind the other 

standards at 45.43 cycles.  The melting temperature of this standard is 80.52°C.   The 

DNA blank and SYBR Green did not cross the threshold; therefore they did not have a 

melting temperature either.  Agarose electrophoresis gel confirmed these findings 

showing that the curve standards have a size of 187 bp (Fig. 17).  The exception remained 

with 0.0004 pg standard showing true product only in the first run and false product in 

the second run (data summary in Table 12).  When plotted on a logarithmic graph a 

plateau with lower than 0.003 pg DNA was also observed (Fig. 18).  Data from seven 

runs ranging from 1026.25 – 0.00004 pg can be seen in Table 13 and all twelve runs are 

combined in Fig. 19.  A plateau was observed at the very low levels.  The average 

covariance (1026.25 – 0.0047pg) was 2%.  The correlation between DNA amount and 

cycle number is -0.618, which is low.  Correlation was calculated using Excel after first 

taking the log of the cycle at the threshold crossing then using the results to calculate the 

correlation with the known DNA amount.   
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A)  
 

B)  
 
Figure 10. RtPCR Standard Curve (20325 - 20.52 pg) – A) Shows an overload in the 
system at 20325 pg being beyond the upper limit for RtPCR.  The other samples crossed 
the threshold during cycling in a DNA-dependent sequential fashion.  The DNA Blank 
also crossed the threshold several cycles behind the samples. B) Shows that all of the 
samples and DNA blank melted at the normal true product melting temperature of 85°C. 
 

DNA Blank → 

Standards 

← 20.52pg 20525pg → 

2052.5pg → 

DNA Blank → 

Standards → 

Melt Temp 
of GCNFRT  

← 205.25pg 
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A)  
 

B)  
 
Figure 11. RtPCR Standard Curve (1026.25 – 10.26 pg) representative of three runs – A) 
Shows all samples crossing the threshold during cycling in a sequential fashion.  The 
DNA Blank also crossed the threshold several cycles behind the samples. B) Shows that 
all of the samples and DNA blank melted at the normal true product melting temperature 
of 85°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 

DNA Blank → 

1026.25pg → ← 10.26pg 

Standards 

Melt Temp 
of GCNFRT  

←Sudden 
Slope 

←Standards 
& DNA Blank 
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Table 10. Summary of three runs for DNA Ct standards 1026.25 – 10.26 pg.  Larger 
amounts of DNA came out in earlier cycles than smaller amounts.  All of the melt 
temperatures showed product at 85°C.  Data table for Standard Curve Logarithmic Graph 
(Range 1026.25 – 10.26 pg). 
 

DNA (pg/ul) Cycle Melt Cycle Melt Cycle Melt

1026.25 13.88 85.31 13.66 85.26 13.72 85.08

769.69 14.57 85.15 14.55 85.26 14.71 85.2

513.13 15.31 85.24 15.21 85.28 14.96 85.22

256.56 15.58 85.28 15.96 85.37 16.22 85.14

102.63 16.57 85.2 16.74 85.2 16.58 85.23

76.97 17.29 85.3 17.78 85.47 17.24 85.38

51.31 17.85 85.24 18.18 85.23 18.15 85.23

25.66 19.59 85.22 19.63 85.3 19.82 85.25

10.26 21.14 85.11 21.29 85.06 20.91 85.24

Run 1 Run 2 Run 3
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Figure 12. Standard Curve Logarithmic Graph (Range 1026.25 – 10.26 pg) for three runs. 
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A)  
 

B)  
 
Figure 13. RtPCR Standard Curve (94.1 – 0.18pg) representative of three runs – A) 
Showed all samples crossing the threshold during cycling in a sequential fashion.  The 
DNA Blank also crossed the threshold, however, it was several cycles behind the samples. 
B) Shows that all of the samples melted at the normal true product melting temperature of 
around 85°C.  The DNA Blank melts at 80.59°C showing that it is not GCNF product 
DNA.   
 

 

←DNA Blank 

DNA Blank → 

↑ H2O only & 
SYBR Green only 

94.1pg → ← 0.184pg 

Standards 

H2O only & 
SYBR Green only ↓ 

Melt Temp 
of GCNFRT  

← Standards 
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Figure 14. Agarose Electrophoresis Gel for Standard Curve Samples with Higher Values 
– The curve samples showed the product at the correct size for GCNF (187 bp).  The 
SYBR Green and Primers only had no product and the DNA Blank showed a product 
much too small to be GCNF (possible dimers). 
 
Table 11. Summary of three experiments for DNA standards 94.1 – 0.184 pg.  Larger 
amounts of DNA came out in an earlier cycle than smaller amounts.  All of the melt 
temperatures showed product at 85°C.  Data table for Standard Curve Logarithmic Graph 
(Range 94.1 – 0.37 pg). 
 

DNA (pg/ul) Cycle Melt Cycle Melt Cycle Melt

94.1 16.1 85.27 16.24 85.32 16.31 85.25

47.05 16.8 85.25 17.25 85.33 17.28 85.34

23.525 17.95 85.31 17.72 85.26 18.12 85.14

11.763 19.09 85.36 19.51 85.4 20.09 85.14

5.88 19.88 85.41 20.22 85.49 20.52 85.32

2.941 20.32 85.32 20.45 85.36 20.91 85.18

1.47 21.82 85.59 22.14 85.44 22.55 85.39

0.735 22.49 85.35 23.14 85.25 24.83 85.26

0.368 23.71 85.34 24.08 85.35 24.94 85.42

0.184 25.8 85.09 27.18 85.16 29.4 85.23

Run 4 Run 5 Run 6
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Figure 15. Combined Standard Curve Graph (Range 94.1 – 0.37pg) for three runs. 
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A)  
 

B)  
 
Figure 16. RtPCR Standard Curve (0.24 – 0.000047 pg) a representative of six runs- A) 
Shows the samples crossing the threshold during cycling in a sequential fashion.  The 
0.0004 pg sample crossed several cycles behind the other standards.  The DNA Blank and 
SYBR Green did not cross the threshold. B) Shows that all of the samples melted at the 
normal true product melting temperature of 85°C, except the 0.0004 pg standard.  The 
DNA Blank and SYBG Green did not have a melting temperature. 
 

0.0004pg → 

0.0004 → 
DNA Blank & 
SYBR Green ↓ 

 Blank &  
SYBR Green 

23.53pg → 0.24pg → ← 0.0024pg  

← 0.000047pg  

← Standards 

Melt Temp 
of GCNF  
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Std Curve 12-28-08 crop.tif 

Figure 17. Agarose Electrophoresis Gel for Standard Curve with Lower Values 
representative of six runs – The curve samples showed products at the correct size for 
GCNF (187 bp).  The DNA Blank revealed true product in two of the three runs shown.  
The 0.0004 pg standard showed true product only in the first run and false product in the 
second run. 
 
Table 12. Summary of three runs for DNA standards 0.2 – 0.00004 pg.  Larger amounts 
of DNA produced lower Ct values than smaller amounts until a plateau occurred at 0.002 
pg and beyond.  All of the melt temperatures showed product at 85°C.  Continuing data 
table for Standard Curve Logarithmic Graph (Range 0.735 – 0.00004 pg). 
 

DNA  (pg/ul) Cycle Melt Cycle Melt Cycle Melt Cycle Melt Cycle Melt Cycle Melt

0.2 26.21 85.33 27.12 85.06 26.66 85.42 27.12 85.41

0.04 29.54 85.28 28.72 85.51 29.6 85.27 29.84 85.31 30.94 85.2 29.54 85.13

0.02 29.68 85.22 30.75 85.46 31.42 85.29 31.17 85.41

0.004 33.14 85.37 32.78 85.43 33.2 85.41 32.92 85.31 30.61 85.46

0.002 34.86 85.3 36.47 85.36 32.62 85.26 34.9 85.22

0.0004 34.67 85.44

0.00004 35.5 85.56 34.31 85.25 37.09 85.3

Run 7 Run 8 Run 9 Run 10 Run 11 Run 12
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Figure 18. Standard Curve Semi-Logarithmic Graph for Lower Values (0.735 – 0.00004 
pg) for six runs, plus two data points from the previous set– To be used for quantitatively 
analyzing unknown samples.  Very low levels of DNA produce a plateau indicating loss 
of assay sensitivity. 
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Table 13. Summary of data for twelve standard curves showing product combined.  Data 
table for Collective Standard Curve Semi-Logarithmic Graph (Range 1026.25 – 0.00004 
pg).  For twelve runs, the average covariance or each data point was 2%. 
 

DNA (pg/µl) Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Mean CV

1026.25 13.88 13.66 13.72 13.75 1%

769.687 14.57 14.55 14.71 14.61 1%

526.282 15.31 15.21 14.96 15.16 1%

256.5625 15.58 15.96 16.22 15.92 2%

102.625 16.57 16.74 16.58 16.63 1%

94.1 16.1 16.24 16.31 16.22 1%

76.9687 17.29 17.78 17.24 17.44 2%

52.6282 17.85 18.18 18.15 18.06 1%

47.05 16.8 17.25 17.28 17.11 2%

23.525 17.95 17.72 18.12 19.37 19.47 20.37 20.43 19.06 6%

25.6562 19.59 19.63 19.82 19.68 1%

11.763 19.09 19.51 20.09 19.56 3%

10.2625 21.14 21.29 20.91 21.11 1%

5.88 19.88 20.22 20.52 20.21 2%

2.941 20.32 20.45 20.91 20.56 2%

1.47 21.82 22.14 22.55 22.17 2%

0.735 22.49 23.14 24.83 23.49 5%

0.368 23.71 24.08 24.94 24.24 3%

0.23525 26.21 27.12 26.66 27.12 26.78 2%

0.184 25.8 27.18 29.4 27.46 7%

0.04705 29.54 28.72 29.6 30.94 29.84 29.54 29.70 2%

0.023525 29.68 30.75 31.42 31.17 30.76 2%

0.004705 33.14 32.78 33.2 30.61 32.92 32.53 3%

0.0023525 34.86 36.47 32.62 34.9 34.71 5%

0.0004705 34.67 34.67 N/A

0.000047 35.5 34.31 42.97 37.09 37.47 10%  
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Figure 19. Collective Standard Curve Semi-Logarithmic Graph (Range 1026.25 – 
0.000047 pg) for twelve runs - To be used to quantify unknown samples.  The correlation 
coefficient without the plateau was -0.618. 
 

y= -1.53ln(x) + 23.94 
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Liver – GCNFRT Primers 

Having established the linear range of the curve using RT primers, RNA from 

hamster liver at various ages ranging from neonatal day 15 to 831 day-old adults was 

isolated, reverse transcribed by SuperScript III, and the resulting cDNA amplified by 

RtPCR using the TaKaRa system.  The quality of the RNA collected, as indicated by the 

A260/208 ratio, ranged from 1.64 – 1.80, as compared with pure RNA 260/280 ratio of 2 

(Table 14).  RtPCR indicated all of the unknown liver samples were well below the 

standard curve range by at least 10 cycles (Fig. 20) and were unable to be quantified in 

the plateau region of the DNA standard curve.  Melting temperatures verified that five of 

the samples crossing the fluorescence threshold were not true GCNF DNA PCR product.  

The five samples were: e15, 46d, 209d, 440d, and 529d.  The protocol was adjusted to 

attempt to obtain actual product; 1µg of total RNA for reverse transcription continued to 

be used, but the sample was increased to 2 µl for RtPCR.  A summary of the results is 

shown in Table 15.  When 2 µl was used for RtPCR, the melt temperatures of all samples 

showed true product.  However, the cycles crossing the threshold still were below the 

standard curve and, therefore, the samples were in the region of the DNA curve with a 

flat lines.   

In order to increase the amount of product such that it would fall into the range of 

the standard curve, the reverse transcription reaction sample was increased up to 10 µg 

and the PCR reaction volume increased to 10 µl. Results showed that using 5 µg for 

reverse transcription and 4-8 µl for RtPCR exhibited the proper melt temperatures for 

GCNF product. However, the cycle numbers remained outside the standard curve.  

RtPCR cycle results for 5 µg for reverse transcription and 8 µl for RtPCR and melt 
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temperature determination shown in Figs. 21 A and B, respectively.  At 10 µg for reverse 

transcription and 7µl for RtPCR, the melt temperature dropped below that for GCNF 

product.  A summary of the cycle and melt results can be seen in Table 16.  Overall, no 

trend could be observed when comparing 1, 5, and 10 µg samples for reverse 

transcription with various RtPCR volumes, because of a lack of consistency and levels of 

measurable product.     

A direct comparison using three different ages of tissue (9-, 209-, and 652-days), 

reversed transcribed using 1 µg, and RtPCR at three concentrations (1, 5, 10 µl) was 

performed.  Day 209 was the only sample exhibiting the proper melting temperatures for 

GCNF, however, a linear relationship was not observed which would have been produced 

with different amounts of cDNA used for the PCR.  A summary of the results can be seen 

in Table 17.  

Standard PCR was done for verification using 5 µl (5 µg reversed transcribed).  

An agarose electrophoresis gel showed no GCNF-size product in any of the samples (Fig. 

22). 

Table 14. Liver Sample RNA Collection Quality - Pure RNA has a 260/280 value of 2. 
  

Sample

Concentration 

(µg/µl) 260/280 Value

e15 4.52 1.75

9d 2.75 1.78

46d 4.67 1.76

88d 5.69 1.76

209d 5.28 1.64

258d 4.64 1.64

440d 5.75 1.73

529d 6.66 1.77

574d 7.73 1.77

652d 7.84 1.78

831d 8.68 1.80  
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A)  
 

B)  
 
Figure 20. RtPCR Differently Aged Liver Samples alongside Standards (11/14/2008) - A) 
The unknown samples crossed the fluorescence threshold several cycles outside the 
standard curve. B) Five of the unknown samples had melting temperatures lower than 
that of true GCNF DNA product.  These were e15, 46d, 209d, 440d, and 529d. 
 

DNA Blank → 

Standards Samples 

Melt Temp of 
GCNFRT  

23.52pg → ← 1.47pg 

← Standards  
DNA Blank → 
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Table 15. RtPCR of Differently Aged Liver Samples - The liver samples were outside 
the standard curve, but mostly showed product with the correct melting temperature.  
Samples e15, 46d, 209d, 440d, and 529d had melting temperatures not equivalent to 
GCNF product (85°C) highlighted in red.  Using 2 µl for RtPCR increased the melt 
temperatures to that of the GCNF product for all samples.  
  
PCR Vol.

Sample Cycle Melt Cycle Melt Sample Cycle Melt

Std 23.52pg 18.26 85.4 18.47 85.16 Std 47.05pg 17.97 85.16

Std 5.88pg 21.18 85.32 21.56 85.36 Std 11.76pg 21.11 85.15

Std 1.47pg 24.56 85.34 24.76 85.36 Std 1.47pg 29.04 85.2

e15 38.13 81.95 44.95 83.06 e15 36.18 85.33

9d 35.55 85.23 41.69 85.07 9d 36.51 85.16

46d 45.79 77.48 36.34 85.06 46d 37.2 84.89

88d 45.17 84.94 36.24 85.48 88d 36.23 85.41

209d 37.15 80.78 39.69 79.49 209d 44.13 84.82

258d 35.82 85.25 34.68 85.31 258d 33.18 85.23

440d 39.92 79.84 37.94 88.19 440d 36.93 84.92

529d 43.09 80.41 43.52 79.36 529d 35.78 84.94

574d 37.19 85.49 36.22 85.49 574d 36.44 85.22

625d 34.3 85.11 32.92 85.18 625d 33.35 85.07

831d 36.71 85.06 35.92 85.26 831d 34.94 85.2

2µlRun A - 1µl Run B - 1µl
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A)  
 

B)  
 
Figure 21. RtPCR Hamster Liver 440 day 5 µg for reverse transcription and 8 µl for PCR 
(11/28/08) – A) Even at these high volumes with presumably higher levels of cDNA, the 
result was still beyond the standard curve range. B) Sample showed true GCNF product 
while the DNA blank did not. 
 
Table 16.  Summary of results using 5-10 µg for reverse transcription and 0.5-8 µl for 
RtPCR.  Cycles with melting temperatures outside GCNF product are highlighted in red. 
 

RT/RtPCR Cycle Melt

5µg/0.5µl 37.54 80.7

5µg/1µl 39.3 81.45

5µg/2µl 31.58 75.98

5µg/4µl 34.29 84.72

5µg/8µl 35.12 84.86

10µg/7µl 37.93 75.85  

 

Melt Temp 
of GCNF  

Standards 

94.1pg → ← 0.37pg 

UNK 
 8µl → ← DNA Blank 

Sample 

DNA Blank → 
← Standards 
← UNK 8µl 
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Table 17. Result Table for Direct Comparison of 9d, 209d, and 652d tissues - A) Day 
209 was the only sample with melting temperatures corresponding to GCNF product.  
There was a lack of significant cycle change among the varying amounts of cDNA used 
in RtPCR and a linear relationship was not observed.  Cycles with melting temperatures 
outside GCNF product are highlighted in red. B) Day 209 RtPCR amount and cycle 
relationship. 
 

A) 

Sample

RtPCR Amt 

(µl) Cycle Melt

9d 1 33.34 78.37

5 34.74 77.64

10 35.73 77.15

209d 1 33.25 85.28

5 32.38 84.82

10 32.57 84.85

652d 1 32.97 77.77

5 35.29 77.95

10 36.21 77.64    

B)  
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Figure 22. Agarose Electrophoresis Gel for Unknown Hamster Liver Samples - 5 µg 
reversed transcribed and 5 µl for standard PCR.  No 187 bp GCNF product observed. 
 

Spleen – GCNFRT Primers 

 A direct comparison of four different ages of spleen tissue (9, 88, 529, and 652 

days), was performed by reverse transcribing 0.576 µg, and RtPCR at three 

concentrations (1, 5, 10 µl).  The DNA quality 260/280 ratio ranged from 1.67 – 1.79 

(Table 18).  The results showed all of the samples utilizing 10 µl of DNA sample in the 

RtPCR reaction did not cross the threshold (Fig. 23A).  The 9 d, 88 d, and the 529 d 

samples with 1 µl of DNA sample showed the correct melting temperatures for GCNF 

product (Fig. 23B).  A summary of the results is shown in Table 19. 

 

Table 18. Spleen Sample RNA Collection Quality - Pure RNA has a 260/280 value of 2. 
 

Sample

Concentration 

(µg/µl) 260/280 Value

9d 0.112 1.67

46d 0.112 1.70

529d 0.072 1.79

625d 0.112 1.72  

500bp →   
 
200bp → 

e1
5 

 9d
 

 46
d 

 88
d 

 20
9d

 
 25

8d
 

 44
0d

 
 52

9d
 

 57
4 

 62
5d

 
 83

1d
 

Liver Samples 
DNA µg/µl 
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A)  
 

      B)  

 
Figure 23. RtPCR for Spleen Tissue Direct Comparison (9 d, 88 d, 529 d, and 652 d) 
0.576 µg for reverse transcription and 1, 5, or 10 µl for RtPCR.– A) DNA Blank crossed 
at the same time as the samples.  All of the 10 µl samples failed to cross the threshold.  
B) RtPCR Melting Temperatures - Only three samples, 9 d, 88 d, and 529 d at 1µl 
showed a melt temperature of 85°C. 
 
 
 
 
 
 
 
 
 

Melt Temp 
of GCNF  

DNA Blank → 

↑ 10 µl 
9d, 88d, 440d, 625d 

Sudden Slope 
Not Formed 

DNA Blank → 
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Table 19. Result Table for Direct Comparison of 9 d, 88 d, 529 d, and 652 d Hamster 
Spleen - A) reversed transcribed using 0.576 µg and RtPCR at three concentrations (1, 5, 
10 µl).  Cycles with melting temperatures outside GCNF product are highlighted in red. 
B) Relationship between tissue age and cycle at 1µl. 
 

A) 

Sample

RtPCR Amt 

(µl) Cycle Melt

9d 1 33.62 84.88

5 30.35 74.67

10 0 72.37

88d 1 34.1 84.98

5 28.65 74.92

10 0 72.64

529d 1 33.1 85.12

5 29.62 75.28

10 0 75.01

652d 1 33.59 62.54

5 35.73 74.05

10 0 73.52  

B) 
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Direct Comparison of Tissues – GCNFRT Primers 

 A direct comparison among 28 d testis, brain, kidney, and liver tissue samples 

was made by reverse transcribing 1 µg and performing RtPCR at three concentrations (1, 

5, 10 µl).  The DNA quality 260/280 values ranged from 1.42 – 1.47 (Table 20).  All the 

samples, including the DNA blank, crossed the threshold except 10 µl cDNA testis (Fig. 

24).  The melt temperatures showed that many of the samples did not contain authentic 

product.  The results (Table 21A) revealed that only the 1µl samples for all the tissues 
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showed product and this was at the far low end of the standard curve.  The brain and 

kidney also showed product with 5 µl DNA.  Plotting these two (Table 21B) showed that 

the 1µl samples crossed the threshold first followed by the 5 µl sample. 

Table 20. 28d Tissue Sample RNA Collection Quality - Four different tissues were 
collected at day 28.  RNA was isolated from each with qualities ranging from 1.42 – 1.47. 
 

Sample 

(28d)

Concentration 

(µg/µl) 260/280 Value

Liver 7.49 1.45

Kidney 5.74 1.42

Testis 4.02 1.47

Brain 5.18 1.42  
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A)  
 

B)   
 

Figure 24. RtPCR Melting Temperatures for Direct Comparison of Four Tissues (Testis, 
Brain, Kidney, Liver) at Three Volumes (1, 5, 10 µl) – A) DNA Blank crossed at the 
same time as the samples.  Testis DNA at 10 µl did not cross the threshold.  B) The DNA 
Blank showed true product.  All 1 µl samples showed product as did brain and kidney at 
5 µl. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Melt Temp 
of GCNF  

↑ 10µl Testis 

DNA Blank → 

← DNA Blank 

← Testis 1µl 
     Brain 1µl & 5µl 
     Kidney 1µl & 5µl 
     Liver 1µl 
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Table 21. Result Table for Direct Comparison of Four Tissues (Testis, Brain, Kidney, 
Liver) at Three Volumes (1, 5, 10 µl) – A) All 1 µl samples showed product.  The brain 
and kidney had product at 1 µl and 5 µl and were comparable.  Cycles with melting 
temperatures outside GCNF product are highlighted in red. B) RtPCR sample amount and 
cycle crossing relationship for brain and kidney. 
 

A) 

Sample

RtPCR Amt 

(µl) Cycle Melt

Testis 1 32.2 85.15

5 33.55 78.24

10 0 75.65

Brain 1 32.26 85.29

5 33.03 84.88

10 34.59 77.96

Kidney 1 31.88 85.27

5 33.41 84.96

10 34.52 78.01

Liver 1 32.98 84.93

5 32.34 77.57

10 34.7 78.15  

B)  
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Verification using GCNF 351 Primers 

The results obtained with the GCNFRT primers were verified using the GCNF 

351 primers by direct comparison for each individual tissue: liver, kidney, testis, and 

spleen.  Two volumes, 1 µl and 5 µl, were used for each sample.  GCNF 351 primers 

were not specifically designed for RtPCR, but appeared to work from data contained in 
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other studies.  GCNF 351 primers have a lower annealing temperature than the GCNFRT 

primers. 

With the GCNFRT primers, only 8 of the 22 samples tested showed product.  The 

bands on the gels were very light.   

With GCNF 351 primers, the samples still crossed the threshold at 30+ cycles.     

The gel shows that all but four samples had a band at 351 bp, however, the melt 

temperature showed that only 12 of the 22 samples were product.  On gels (Fig. 29), 

several of the samples showed what is believed to be alternate splicing by the appearance 

of bands at not only 351, but also at 600, 500, 450, and187 bp (full result in Table 22).   

The liver showed product for GCNFRT primers at 5 µl for 9 d and 46 d, then at 1 

µl for 529 d.  Meanwhile, the GCNF 351 showed products for all samples, at 1 µl and  

5µl for 9 d, 46 d, and 529 d (Fig. 25).  Several product sizes were observed, the expected 

351 bp plus 600, 450, and 187 bp product bands.    

 The kidney showed GCNFRT product at 1 µl for 529 d, while no other sample 

had any detectable product.  GCNF 351 showed product for all but one sample, 46 d 1 µl 

(Fig. 26).  Alternate size bands were observed at 187 and 600 bp. 

 The testis, using GCNFRT primers, only showed product at 1 µl for 46 d.  The 

product sizes were 187 (expected), 450, and 500 bp.  For GCNF 351, all samples at 1 µl 

and 5 µl for 9 d and 46 d show product (Fig. 27).  Once again, the 1 µl sample from 46 d 

also showed an alternate size band, this time 600 bp. 

 The spleen showed GCNFRT product at 1 µl for 9 d, 46 d, and 529 d, however, 

no product at 5 µl.   For GCNF 351, product was observed at 1 µl for 9 d and at 5 µl for 
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46 d and 529 d (Fig. 28).  All PCR products examined were at the expected size of 187 

bp and 351 bp, respectively.  

RtPCR experiments for liver and spleen samples probed with GCNF 351 primers 

were repeated.  All of the liver samples except at 5 µl for 529 d showed product.  This 

time the cycles at threshold were very similar, with differences of 0.01 for 9 d and 0.51 

for 46 d (Fig. 30).  For the spleen, different DNA amounts and tissues from different aged 

animals showed product than in the previous experiment.  The 1 µl samples from 46 d 

and 529 d animals showed product while the others did not (Table 23).   

To once again verify that the RtPCR protocol was working correctly, total RNA 

from breast cancer cell lines, MCF-7 and HT5587T, was prepared, reverse transcribed, 

and directly compared with varying sample amounts and the GCNF 351 primers.  The 

first experiment used 1 µl and 5 µl of each sample (Fig. 31 and Table 24).  The second 

experiment included a 0.2 µl DNA sample in order to observe a better relationship among 

the PCR and DNA level and trend out of fear that the 5 µl amount may have been 

saturating the system (Fig. 32 and Table 25).  The results show that the sample cDNA 

was not overloading the system and there was a relationship between sample volume and 

Ct value.  As expected, the 5 µl sample volume had a lower Ct value than the 0.2 µl 

sample volume. 
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A)  
 

B)  
 
Figure 25. GCNFRT vs GCNF 351 Direct Comparison of the Liver -The liver showed 
product for GCNFRT at 5 µl for 9 d and 46 d, then at 1 µl for 529 d. Meanwhile, the 
GCNF 351 showed products for all samples, at 1 µl and 5 µl for 9 d, 46 d, and 529 d.  
Both blanks crossed the threshold early and melted at true product temperature.  A) Cycle 
at threshold crossing, B) Melt temperatures. 
 
 
 

GCNFRT ↑ ↑ 351 GCNF 

RT DNA Blank 

351 DNA Blank 

GCNFRT 
DNA Blank  

GCNF 
351 DNA 
Blank  
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A)   
 

B)   
 
Figure 26. GCNFRT vs GCNF 351 Direct Comparison of the Kidney - The kidney 
showed GCNFRT product at 1 µl for 529 d, while no other sample had any product.  
GCNF 351 shows product for all but one sample, 46d 1 µl.  Both blanks crossed the 
threshold early and melted at true product temperature. A) Cycle at threshold crossing, B) 
Melt temperatures. 
 
  

GCNFRT ↑  ↑ 351 GCNF 

GCNFRT DNA Blank  

GCNF 351 DNA Blank → 

GCNFRT 
DNA Blank  

GCNF 351 
DNA Blank  
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A)  

      B)  
         

Figure 27. GCNFRT vs GCNF 351 Direct Comparison of the Testis - The GCNFRT 
primers only showed product at 1 µl for 46 d.  For GCNF 351, all  at 1 µl and 5 µl 
samples from 9 d and 46 d testes showed product.  GCNFRT blank showed no product.  
A) Cycle at threshold crossing, B) Melt temperatures. 
 
 
 

GCNFRT ↑ ↑ 351 GCNF 

GCNFRT DNA Blank  

GCNF 351 DNA Blank  

GCNFRT DNA Blank  

GCNF 351 
DNA Blank  
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A)  

B)   

 
Figure 28. GCNFRT vs GCNF 351 Direct Comparison of the Spleen - The spleen 
showed GCNFRT product at 1 µl samples from 9 d, 46 d, and 529 d animals, however no 
product was detectable in 5 µl samples.   For GCNF 351, product was observed at 1 µl 
for 9 d and at 5 µl for 46 d and 529 d.  A) Cycle at threshold crossing, B) Melt 
temperatures. 
 

GCNFRT ↑ ↑ 351 GCNF 

GCNF 351 DNA Blank  

GCNFRT DNA Blank  

GCNF 351 DNA Blank 

GCNFRT DNA Blank 
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A)  
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Figure 29.  GCNFRT vs GCNF 351 Direct Comparison Agarose Gels - GCNF 351 
primers show more product than GCNFRT.  Several alternate sizes can be seen, and 
examples are circled in red. 

 

Table 22. Data Summary for GCNFRT vs GCNF 351 Direct Comparison using four 
Tissues at Different Ages. 
 

Tissue Age (d)

RtPCR Amt 

(µl) Cycle Melt Band Cycle Melt Band

Kidney 9 1 38.78 78.44 N 37.34 86.17 351

5 53.71 82.56 N 35.21 85.3 187, 351, 600

46 1 47.24 81.46 N 34.58 75.53 N

5 37.42 80.12 N 33.75 87.1 351

529 1 33.87 85 187 36.34 87.34 351, 600

5 38.9 77.96 N 33.56 87.09 351

Testis 9 1 37.06 83.87 N 34.14 87.4 351

5 38.75 76.42 N 32.45 85.99 351

46 1 37.4 84.75 187, 450, 500 32.15 86.13 351, 600

5 37.62 80.34 N 30.71? 85.78 351

Liver 9 1 34.98 78.07 N 34.7 87.36 187, 351, 600

5 36.28 84.5 187 32.78 86.82 187

46 1 35.25 76.53 N 30.26 87.02 351, 450, 600

5 36.27 84.29 187 35.27 87.22 351, 600

529 1 35.64 85.03 187 29.72 87.12 351, 450

5 38.65 76.36 N 31.52 87.01 351

Spleen 9 1 35.75 84.55 187 35.6 87.02 351

5 38.36 80.06 N 37.78 78.26 N

46 1 34.46 84.91 187 35.04 77.65 N

5 35.88 77.65 N 35.79 87.02 351

529 1 35.32 84.46 187 37.69 83.47 N

5 37.18 76.14 N 37.98 85.93 351

GCNFRT GCNF 351
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A)  
 

B)  
 
Figure 30. GCNF 351 Direct Comparison of the Liver and Spleen – A) Both the pre and 
the post blank crossed the threshold early.  B) The pre blank showed true product while 
the post blank did not. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GCNF 351 DNA Blank pre 

GCNF 351 DNA Blank post 

GCNF 351 
DNA Blank 
pre 
post 

↑ 351 GCNF 
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Table 23. Data Summary for GCNF 351 Direct Comparison using Liver and Spleen 
Tissues at Different Ages.  Melt temperatures outside of true product are highlighted in 
red. 
 

Tissue Age (d)

RtPCR Amt 

(µl) Cycle Melt

Liver 9 1 34.52 87.13

5 34.23 86.24

46 1 34.63 87.39

5 34.12 86.92

529 1 34.31 87.33

5 33.68 83.8

Spleen 9 1 37.63 75.43

5 36.05 77.48

46 1 39.9 86.22

5 36.77 78.78

529 1 34.07 87.23

5 36.14 75.74

GCNF 351
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A)  
 

B)  
 
Figure 31. MCF-7 and HS578T Directly Compared with GCNFRT vs GCNF 351 
Primers, 1 µl and 5 µl samples – A) The GCNFRT pre crossed the threshold early with 
the samples while the post crossed late.  Both GCNF 351 pre and post crossed late with 
the samples. B) The GCNFRT pre showed product, however, the post did not.  Both the 
GCNF 351 pre and post showed product. 
 
Table 24. Data Summary for MCF-7 and HS578T Directly Compared with GCNFRT vs 
GCNF 351 Primers, 1 µl and 5µl sample 
 

Sample

RtPCR Amt 

(µl) Cycle Melt Cycle Melt

MCF-7 1 26.48 84.86 25.96 87.14

5 25.18 84.55 24.65 87.12

HS587T 1 28.75 84.85 27.56 87.22

5 26.95 84.85 26.07 86.83

GCNF 351GCNFRT

 

  

GCNFRT DNA Blank pre 
GCNFRT DNA 
Blank post 

GCNF 351 DNA Blank 
post 
pre 

GCNFRT 
DNA Blank 
pre 

GCNFRT 
DNA Blank 
post 

GCNF 351 
DNA Blank 
pre & post 

↑ 351 GCNF GCNFRT ↑  
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A)  
 

B)  
 
Figure 32. MCF-7 and HS578T Directly Compared with GCNF 351 Primers, 0.2 µl, 1 µl 
and 5 µl samples – A) Both the pre and post DNA blank crossed late with the samples. B) 
The pre DNA blank did not show product while the post blank did.  All samples showed 
product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GCNF 351 DNA Blank 
pre  
post 

GCNF 351 
DNA Blank  
post 

GCNF 351 
DNA Blank  
pre 
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Table 25. Data Summary for MCF-7 and HS578T Directly Compared with GCNF 351 
Primers, 0.2 µl, 1 µl and 5 µl samples. A) Larger volumes of sample crossed the 
threshold first followed by smaller sample volumes. B) RtPCR sample amount and cycle 
crossing relationship for MCF-7 and HS578T. 
 

A)  

B)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.2 5 
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DISCUSSION 
 
Primers GCNF 351 and GCNFRT in Hamster Tissues 

 Even though the GCNF351 and GCNFRT primers were not made for the hamster, 

the primers appeared to function properly with hamster samples and were suitable for this 

and future projects.  The 600 base pair band was too large for homodimer formation.  

However, it may be evidence for alternate splicing of the gene or a secondary product.  

These alternately sized products have not been seen by others in the lab using these 

primers.  Secondary products may have been caused by the lower annealing temperature 

of the GCNF351 primers, 55°C rather than 60°C, allowing attachment to alternate DNA 

sequences during RtPCR and leading to alternate size products.  Sequencing of these 

products would allow for verification of either GCNF product or something else. 

 

QRtPCR Standard Curve and Low Ranges of the Real Time Cycler 

The total tested range for the standard curve was 20325 – 0.000047 pg DNA 

using GCNFRT primers to generate ds PCR product.  The usable standard curve fell 

between 1026.25 – 0.0047 pg.  A plateau, with lower than 0.003 ug/µl DNA or beyond 

34 cycles, showed the limits of the assay with the agents and procedure employed and 

variations in DNA content could no longer be detected.  The melting curves revealed that 

the samples were true GCNF DNA products, melting at about 85°C.  The DNA blank, on 

the other hand, melted at a lower temperature revealing that it was not true PCR product 

even though it had crossed the threshold.   

The lowest standard curve, ranging from 0.24 – 0.000047 pg, had melting 

temperatures in accordance with authentic GCNF DNA product.  The 0.0004 µg/µl 
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standard was the exception, showing a false product, and therefore removed from data 

analysis.  The change from product to false product between runs may have been caused 

by DNA denaturation, possibly contamination by a DNAse, DNA contamination from 

another source during the first run, but not the second, or just run-to-run variability. 

 

Liver – GCNF Primers 

Eleven differently aged liver samples of acceptable RNA quality were tested; five 

of the samples, ages e15, 46 d, 209 d, 440 d, and 529 d showed no evidence of 

reproducibly measurable GCNF mRNA based upon the QRtPCR analysis.  The other 

samples exhibited GCNF mRNA, but at levels too low, beyond 34 cycles, to obtain valid 

results using the standard curve and making reproducible analysis impossible.   

The cDNA sample amount used in RtPCR was doubled (from 1 µl to 2 µl) in 

order to reduce the number of cycles required for the sample to cross the cycle threshold 

(Ct value) and place the samples within the standard curve. At 2 µl, the samples remained 

outside of the linear, usable region of the standard curve and within the flat line region.  

At this point, there was no evidence to support the hypothesis that GCNF mRNA levels 

are higher in younger aged, growing tissues and lower in later stages of life when tissues 

were only maintaining size.  However, the results did indicate that there was very little 

GCNF mRNA in all the tissue samples analyzed.  Although doubling the amount of 

sample cDNA was expected to produce more product that was needed to allow analysis 

and to produce more of a difference in Ct values, essentially the results from both sample 

sizes were the same.   
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The volume of sample put into RtPCR continued to be increased and the mRNA 

amount to be reversed transcribed was also increased.  Results showed that liver at 440 d 

1 µg/2µl had a threshold cycle of 36.93 and at 5 µg/4 µl and 8 µl had threshold cycles of 

34.29 and 35.12, respectfully.  With a 5-fold increase at the reverse transcription phase 

and a 2- or 4-fold increase at the RtPCR step there should have been greater separation of 

Ct values.  Instead all of them remained beyond 34 cycles where DNA variation was not 

distinguished by the assay according to the standard curve employed. 

Because the samples fell within the plateau range of the standard curve, a 

different experimental approach without the need for comparing multiple batch runs with 

a standard curve was set up i.e., direct, intra-assay comparisons.  Samples that were 

contained in a single batch run were compared to each other, but not to other batches.  A 

direct comparison of the tissue samples at different ages was made using different 

amounts of DNA in the RtPCR reactions.  It was expected that higher volumes and hence, 

higher cDNA levels, would cross the threshold first while lower volumes crossed later.  

Unlike previous runs, increased amounts of DNA in the RtPCR reaction did not produce 

melt temperatures showing products for two of the three samples, 9 d and 652 d.  For 

209d , product was shown for all concentrations of samples, 1 µl and 5 µl samples 

showed linearity, while  10 µl samples deviated from linearity, as shown in the graph.  

The problem may have been the result of an overload of DNA in RtPCR system (which 

seems highly unlikely) or that the results were within the plateau of the standard curve. 
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Spleen – GCNF Primers 

A second tissue, spleen, was assessed to determine if the results were tissue 

specific. The isolated RNA quality was similar to the liver RNA samples; however, the 

concentration per µl was substantially lower and consequently resulted in the use of about 

half of the normally used amount in reverse transcription.  The less mRNA reversed 

transcribed, the less potential cDNA product to work with in RtPCR possibly leading to 

higher Ct values.  Tissue density may also relate to the amount of mRNA retrieved. 

A direct comparison of the spleen samples at four different ages (9 d, 88 d, 529 d, 

and 652 d) employing different amounts of DNA (1 µl, 5 µl, and 10 µl) in the RtPCR 

reaction only resulted product from 1 µl samples.  Although the standard curve was not 

used, it was noted that the results were teetering at the lowest end of the standard curve.  

For each sample, it was expected than 5 µl and 10 µl samples would cross the threshold 

earlier and the corresponding results would fall on the standard curve.  Using just the 

samples showing product at 1µl, a trend was not observed as expected between the ages 

with the younger growing tissues having more GCNF than the older non-growing tissues.  

This may be attributed to extremely low levels of GCNF mRNA in these tissues, which 

did not permit distinguishing the difference between the ages. 

The wavy lines observed in the RtPCR curves at 10 µl for all the ages of the 

spleen were originally observed in the highest range of the standard curve, 20325 pg/µl, 

and were attributed to DNA overload.  However, the concentration of spleen sample 

DNA was at the extreme low range and there was room for much higher concentrations.  

A jump in Ct value would have been expected from 1 µl to 5 µl to 10 µl samples rather 
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than the actual outcomes of good product, no product, and an overload of DNA in the 

system, respectively.  

Increasing the initial amount of isolated RNA to be transcribed would increase the 

number of template strands for the RtPCR step.  However, other RNA strands would also 

be transcribed since random primers were used.  The reverse transcription reaction 

potentially could have become overloaded with cDNA.  The larger amount of cDNA used 

in RtPCR theoretically provided more template strands for dsDNA creation, thereby 

producing fluoresence at a higher rate.  However, overloading the RtPCR system is a 

possibility.  Even with increased GCNF cDNA, the GCNF-specific primers would still 

need to locate the correct binding sites also in the presence of greater amounts of other 

cDNA strands.  

A second questionable observation was that the melt curves were not as clear-cut 

as product previously seen with the DNA standard curve and the liver.  The low 

concentrations of cDNA may be responsible, but this seems unlikely.  During reverse 

transcription, half the recommended amount of sample was used than was called for in 

the protocol.  If there was very little product, then there was very little fluorescence.  

Other extraneous material left over from the reverse transcription reaction may be in a 

higher concentration when added to the RtPCR reaction which may have caused a cloud 

effect, thereby obscuring the fluorescence measurements.  RNAse was used at the end of 

the reverse transcription to destroy RNA, leaving DNA and proteins.  GCNF was 

amplified, but may still have been too low of a percent in the sample for a clear reading. 
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Direct Comparison of Tissues – GCNFRT Primers 

A direct comparison of four freshly harvested tissues (testis, brain, kidney, and 

liver) using 1 µl, 5 µl, and 10 µl sample in RtPCR was conducted.  Two of the four 

tissues, brain and kidney, had products derived from both 1 µl and 5 µl samples, making 

them comparable.  With 5 times the DNA in the 5 µl samples, it is expected that 5µl 

sample reactions would cross the threshold first followed by the 1 µl samples.  This did 

not occur, as both showed the 1 µl samples crossing the threshold first.  For the brain, the 

1 µl sample crossed at 32.26, while the 5 µl sample crossed at 33.03. The kidney samples 

crossed at 31.88 and 33.41, respectively.  This made the linear relationship opposite from 

what was expected.  The cycle number at the threshold crossing was theoretically 

decreased with the increased DNA volumes added.  There was less than a cycle 

difference, 0.77, for the brain and a 1.53 cycle difference for the kidney.  Between the 1 

µl and the 5 µl samples there was not any significant cycle difference showing that the 

DNA and therefore the mRNA levels were very low. 

Once again, the abnormal fluorescence pattern observed in the testis 10 µl sample 

was not attributed to a DNA overload.  The pattern may have been an effect that occurred 

at either end of the reaction curve.  It was surprising that the testis did not show product 

since it is reported to express GCNF even in the adult tissue. 

 

Verification using GCNF 351 Primers 

By using the GCNF 351 primers, what may have been alternate products were 

revealed.  Alternate products may have accounted for the differences in melting 

temperatures in RtPCR reactions.  Alternate splicing may be affecting the GCNFRT 
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primers by partially eliminating a primer binding site and, therefore, reducing their 

effectiveness in priming cDNA synthesis.  Alternate splice sites have been located in the 

fourth and seventh exons.  The GCNFRT primers were designed to bind in a region 

containing the LBD.  The LBD contains the AF-2 site, which is highly conserved.  The 

GCNF 351 primers bind in the DBD and in the hinge region.  The DBD contains the TA 

box, which is highly conserved, while the hinge region is poorly conserved.  A second 

possibility for the smaller sized product is that the DNA was not being replicated in full 

due to the time constraints of RtPCR.  This seems unlikely since there were also larger 

products and these were consistent with repeated sizes of the expected products rather 

than random sizes.  A second possibility is that the lower annealing temperature of the 

GCNF351 primers allowed binding to alternate DNA sequences during RtPCR.  

However, multiple bands can also indicate nonspecific primer – template annealing.   

The absence of product using the GCNFRT primers, suggested the possibility that 

an alteration occurred to affect the primer binding site.  When bands did occur they were 

at 187 bp, which was the correct size for GCNFRT.  There was an exception to this in the 

testis 46 d, 1 µl sample which showed bands at 187, 450, and 500 bp.  In all the other 

samples, larger products were not observed, therefore, intron fragments were not being 

left in the mRNA sequence, but rather part of the exon was removed.  On the other hand, 

the GCNF 351 bp primers revealed bands at 600, 450, 351 (expected size), and 187 bp.  

This indicated the possibility that parts of exons were removed, most likely in the hinge 

region, for the smaller size DNA products and parts in the introns remained for the larger 

size DNA products.  Sequencing of these RtPCR products would be needed to verify that 

they are indeed GCNF related. 
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The GCNF 351 DNA blanks also showed product.  Looking at the liver samples 

(Fig. 25A), the blank was the first curve to cross the threshold.  Primer contamination is a 

possibility for the GCNF 351 samples although steps were made to prevent this.  If the 

primers were contaminated, then it would be expected that the tissues having the same 

amount of primer plus more DNA from the tissues would have at least the same if not 

more DNA and should cross the threshold at the same time or slightly earlier.  The other 

possibility, affecting all of the samples is that the water was contaminated even though 

new water had been aliquoted to small amounts for use.  The DNA blanks used more 

water than the tissue samples and therefore may have contained more DNA.  The GCNF 

351 primers may increase the product yield, as seen with the tissues, making 

contamination more obvious.   

Using human MCF-7 and HS578T cell lines that had previously shown GCNF 

product at high levels confirmed that the protocol did work correctly.  First, the cycle 

numbers at threshold were within the readable range of the DNA standard curve.  Second, 

there was a larger difference in the number of cycles it took to cross the threshold 

between 5 µl and 1 µl of sample.  The standard curve had a 1.96-cycle difference 

between 1 µl and 5 µl, MCF-7 was at 1.29 and HS578T was at 1.08 cycles.  Third, the 

sample volume used for the RtPCR coincided with the number of cycles required to cross 

the threshold, as higher volumes crossed first. 

 

DNA Blank and Cycle Significance 

While using the RtPCR technique, there were many instances of false 

fluorescence readings.  No product in those samples was observed via the melting 
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temperature generated by the Real Time Smart Cycler and results were verified by 

agarose gel electrophoresis ruling out DNA contamination.  The Ct values produced by 

the DNA blank may have been caused by primer dimer formation or possibly RNA or 

DNA contamination.  The primers used for the experiments were designed to avoid dimer 

formation, however the possibility still existed.  The primers should have preferentially 

bound to DNA due to the high level of complimentarity since they are designed to cross 

an intron thus eliminating amplification of genomic DNA.  However, there was no way to 

truly tell what the primers are doing in the presence of DNA.  A change, outlined in the 

procedures, to a higher temperature for a longer period during the initial melt and during 

the cycling denaturation/melt stages was made to ensure dimers were broken, however 

the problem persisted.  Other possible causes included fluorescence from individual 

agents and contamination (ruled out by electrophoresis gel).  Tests were conducted to 

show that the SYBR Green alone did not fluoresce. 

RtPCR did show anomalies in the DNA blank.  When pre and post blanks were 

performed it was possible to have the pre-assay fluoresce and the post-assay not.  Figs. 30 

and 31 show the pre DNA blank for GCNFRT crossed the threshold fairly early and did 

show proper product melt.  However, the DNA blank done at the end of the samples, 

using the same reagents, showed it was the last to cross the threshold and did not have 

product melt.  The final thought was that a DNA blank crossing the threshold may not 

have had any impact on the samples with DNA.  

The standard curve showed that samples with decreasing amounts of specific 

DNA did cross the cycle threshold at varying times reliably.  The correlation of -0.61 was 

somewhat disappointing.  However, the combined curve included data from numerous 
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assays and variation among assays exist.  Attempts to monitor coefficient of variation 

were not performed.  If the correlation had been higher, it may have been possible to 

determine the significance of the cycle difference. 

 

CONCLUSION 
 

The QRtPCR assay established in this work did have a range limit.  The test range 

was between 1026.25 – 0.0047 pg/µl.  The RtPCR methodology employed could not 

differentiate between varying amounts of DNA beyond 34 cycles.    

The GCNF 351 primers worked better with RtPCR than GCNFRT primers 

possibly due less stringent characteristics or perhaps better homology to an ―unknown‖ 

hamster target.  Both primers worked in standard PCR, which has a one minute anneal 

time versus RtPCR which has a thirty second anneal time. Better binding between the 

DNA and primers may be because the GCNFRT primers are human specific while GCNF 

351 primers are less stringent; the homology to the hamster is unknown.  There seem to 

have been several alternate splice sites used in the sample tissues.  This seemed to 

prevent the GCNFRT primers from binding and therefore not create any product.  There 

were also several alternatively sized products that showed up when using the GCNF 351 

primers.  There is a possibility that these differently sized products were caused by 

mutations or the primers interacting with different DNA sites, possibly a better target.  

This was unlikely since there were multiple sized products in the same sample.  Due to 

the number of alternate sizes, it was more probable that there was one template being 

shifted rather than several temples being expressed. 
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Several hamster tissues at any age express extremely low levels of GCNF mRNA. 

Thus, there appeared to be no relationship between GCNF mRNA expression levels and 

tissue growth.  Unfortunately, these extremely low levels were too low to be able to 

quantify using the standard curve following amplification.  Two other Master’s theses are 

in agreement that the GCNF mRNA levels do not appear to exhibit direct correlation with 

cell growth rate.  However, cell growth does appear to require some level of GCNF and 

without GCNF, the grow rate will slow.  
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FUTURE DIRECTIONS 

 
Since the possibility of alternate splicing has been demonstrated, it could be 

explored further.  This would show that the product in question is in fact GCNF.  

Sequencing the product would also show how the primers are binding to the DNA in the 

PCR reaction and validate what is being amplified.  Since the Smart Cycler theoretically 

works better, due to shorter incubation times, with smaller product sizes, it may be 

possible to optimize the primers to a different region, possibly the same region as the 

GCNF 351 primers.   

It already has been concluded that GCNF is expressed at extremely low levels.  

The question remains of how to get the low levels up to readable levels.  The protocol 

used began with total RNA, one could start with mRNA.  The mRNA is reverse 

transcribed using random primers and oligo (dT) primers, it may be possible to add in or 

only use GCNF primers at this level.  Using PCR (non- real time), gel purification, and 

RtPCR did show that GCNF product was amplified to readable levels.  Using a similar 

procedure would be more work, but may provide better results.   

If GCNF, at mRNA or DNA levels, could be increased to readable levels, it 

would be interesting to compare GCNF expression in high and low turnover tissues.  For 

instance, a higher turnover of cells occurs in the intestinal tract and spleen than in the 

heart, leading to the possibility that if GCNF affects proliferation, it may be found in 

higher amounts in these tissues.  Another organ deserving attention would be the liver 

since it has a high turnover rate and is able to repair itself after injury.  If GCNF is turned 

off during normal adulthood, maybe it is turned on to aid proliferation for repairs. 
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Data for GCNF expression during normal growth and development can then be 

combined with the data for GCNF expression in neoplastic states.  Answers may then be 

able to be found about whether GCNF can transform cells back to a normal state and if 

GCNF can be used as a target therapy. 
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