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I. Introduction:
When injury is caused to a vascular structure, such as a blood vessel, a very delicately
orchestrated process occurs that causes the flow of blood from the damaged vessel to cease. The
reactions that occur in order to form a blood clot are highly regulated in the body and well
known in the lab. The complete reaction mechanism is well established and verified just like the
structures of the molecules involved. While there is very little ambiguity surrounding the
qualitative characteristics of blood coagulation, there remains a significant amount of instability
between data that reports on the quantitative aspects of the mechanism. While it remains evident
that the amount of each particular molecule in the blood at any given time is critical to a healthy
circulatory system, it has been hypothesized and tested that variation among these amounts is
observed in patterns throughout the seasons of the year. It is the often-conflicting results of
quantitative coagulation experiments that put a kink in the many hypotheses of coagulation
factor research.
There are numerous proteins and molecules that play a variety of roles in the allencompassing reaction leading to clot formation. This reaction is dubbed the clotting cascade and
is split into what we know as the intrinsic and extrinsic pathways. Defined by each factor and its
required enzymes, the pathways merge in the plasma to complete formation of the clot. Some of
the molecules are thrombotic - clot forming, and others are thrombolytic - clot degrading.
Further, by maintaining favorable concentrations of these factors, the body is able aptly to make
and break up blood clots. It is when this balance is tilted beyond physiological norms that health
issues are observed. One common and unpredictable medical condition involving regulation of
clot formation and degradation is DVT (deep vein thrombosis), a condition in which blood clots

form in the veins of the legs. These clots may be triggered by venous trauma, infection, postoperative complications, long periods of immobilization, and many more factors. The condition
arises when this clot dislodges from the blood vessel wall and travels to the lungs or other critical
areas of the patient’s body. Obtaining information that clarifies the variation in concentrations of
the plasma clotting factors will not prevent conditions such as DVT, but can reduce the
likelihood of their onset by allowing for optimized surgical time selections based on trending
amounts of the factors at particular times of year.
In this study, a selected trio of thrombotic and thrombolytic factors will be analyzed in a
population of rats in order to confirm valid methodologies and become familiarized with
techniques to be later employed in the Golden Syrian Hamster . The hamster study will involve
the state of the hamster’s plasma at times of hibernation and activation. The inclusion of
hibernation and activation in the study is beneficial because it will imitate the winter and summer
seasons, elucidating the circannual shifts in blood clotting factors. It is hypothesized that when
the hamster hibernates, thrombolytic proteins are expressed at higher levels to prevent
widespread coagulation of the sedentary blood. Conversely, thrombotic factors decrease in order
to reduce the risk of circulatory coagulation. During activation, these concentrations are restored
to typical levels. This trait is said to be vestigial in non-hibernating organism such as humans.
In congruence with the Dr. Margaret Field Lab who examined the levels of protein
present in the plasma between conditions, The Dr. Keith Garrison Lab conducted gene
expression analysis to attempt to draw correlations between changes in clotting factor plasma
concentration and their levels of gene expression at that time. The factors under examination
were Fibrinogen-α, Antithrombin III (AT III), and Factor-10 (Factor-X) with β-Actin as a
reference gene. A reference gene is included in gene expression studies because under the

experimental conditions, its level of expression does not change. Transctiption of these proteins
leaves unstable mRNA residues within a cell’s cytosol. Careful extraction of these transcripts
and conversion to cDNA allows for qPCR to provide quantitative data on the cell’s content of
mRNA residues, and thus protein content. In this light, the expression changes among factors
may be calculated.
Fibrinogen-α, a subunit of Fibrinogen, and Factor-X are thrombotic enzymes. Factor-X
uses a cofactor to undergo conformational change to its active form, after which it cleaves prothrombin at two peptide linkages. The thrombin residues covert Fibrinogen to fibrin, forming a
web-like mesh to aggregate platelets and prevent blood loss. Antithrombin III acts as a
thrombolytic substrate, inactivating several enzymes (including Factor-X) that catalyze clot
formation. Due to its high vascularity, the liver serves as a major site of production of these
proteins and will thus be the site of interest in the gene expression study.
However, in order to acquire reproducible data in a gene expression study, it is
imperative that the techniques and skills necessary be honed before the principal study is
initiated. In order to ensure experimenter was of adequate skill level,and proposed methodologies
are productive of gene study data, an experiment on thrombotic and thrombolytic factor
expression levels was conducted in a series of rats. The methods of this study, the following
research described in this paper, were derived from the methods of Induction and Modulation of
Acute-Phase Response by Protein Malnutrition in Rats: Comparative Effect of Systemic and
Localized Inflammation on Interleukin-6 and Acute-Phase Protein Synthesis.[1] In this study, an
acute phase response in rats is generated by stimulation with LPS (lipopolysaccharide).
Acute phase responses have many systemic affects. They are known to increase plasma
concentrations of clotting factors Fibrinogen, Factor IX (derived from Factor X) as well as the

anticoagulant AT III. An experiment involving use of LPS was set up and conducted to form a
foundation for the gene study of the Golden Syrian hamster. The data, methods and results and
their discussion written in this paper are representative of the procedures carried out on the rats
and the data derived thereafter.

II. Experimental Procedure:
Materials: Taqman® gene expression assays for Fibrinogen-α, Antithrombin (AT) III,
Factor X and β-Actin, RT enzyme mix (cDNA synthesis reagent) purchased from Applied
Biosystems (Foster City, CA, USA) – iScript® RT Supermix (cDNA synthesis reagent), SsoFast
probe supermix, SsoFast® EvaGreen control assay purchased from BioRad Corporation
(Richmond, CA, USA) – RNAlater® (tissue RNA stabilizing reagent), QIAshredder, RNeasy
mini kit, buffer RLT purchased from Qiagen Sciences (Louisville, KY, USA) –
Lipopolysaccharides from Escherichi Coli, β-Mercaptoethanol (2-mercaptoethanol) purchased
from Sigma- Aldrich (St. Louis, MO, USA) – Tris-acetate-EDTA (Buffer TAE) purchased from
Fisher Scientific (Houston, TX, USA) – RNAse ZAP® solution from Ambion Inc –
DNAse/RNAse free, 1-microm filtered, molecular biology grade water from Ultrapure – RatChow® - Ether (liquid form) – 100% EtOH – Laboratory grade bleach (Sodium Hypochlorite) – 8
Feeder quality rats purchased from East Bay Vivarium (Berkeley, CA).
Equipment: Animal holding containers with wood shavings, Animal etherizing cone,
Etherization anesthesia chamber, 18 gauge needle with syringe, Injection chamber, Hemostat,
Scalpel with changeable blades, Forceps, Dissection trays, Set of 50mL-800mL beakers, Set of
Gilson® pipettes (P2-P1000) with compatible Gilson® pipette aerosol resistant, sterile pipette tips

purchased from Gilson – CFX-96 optical module for RT-PCR demoed, CFX-96 Manager
Computer software, 1000 series thermocycler by BioRad Corporation (Richmond, CA, USA) –
ChemSoft 12in. nitrile gloves, ISO bulk protective sleeves, N-95 3M® medical respiratory mask
purchased from Fisher Scientific (Houston, TX, USA) – Sterile filter by Nalgene.
Preparation of solutions-Rat care/injection:, 8 rats were purchased and allowed to
acclimate in the animal room for 48 hours under light/dark cycle 14 hrs light/10 hrs dark with
adequate food and water. Prior to acclimation, rats were divided into 2 groups, control and
experimental, denoted as A and B respectively. Control rats will be injected with sterile 0.9%
saline solution, experimental rats injected with LPS/0.9% sterile saline solution, per Induction
and Modulation of Acute Phase Response. Saline solution was prepared dissolving 4.5g NaCl in
500mL de-ionized water. Stock LPS powder dissolved in de-ionized water to 1mg/mL. Dosage
of LPS calculated to be 3.6µL per rat; achieved in master mix for 10 rats combining 9.964mL
sterile 0.9% saline with 36µL LPS solution. Dr. Margaret Field performed sub-scapular
injections with 18G needle and syringe. 1mL 0.9% sterile saline injected into group A, 1mL of
0.036% LPS solution injected into group B. Injections were performed within 15 minute
window. Acute phase reaction given 24 hrs to manifest.
Excision of Liver: Rats put under ether anesthesia, site of incision shaved, abdominal
incision made to access and remove liver. Livers immediately carried to table where RNAse free
environment was established. Standard glove-sleeve-glove layering (double gloving) used and
mask worn while cutting liver to ensure minimum tissue exposure to RNAses. For each liver,
two 0.125cm3 pieces are removed from the larger portion. Pieces 0.125cm3 in volume are placed
in 1.25mL RNAlater preservation solution, large remainder of liver archived dry at -80°C
immediately. One 0.125cm3 piece incubated overnight at 4°C before being dry archived at

-80°C. Other 0.125cm3 piece incubated at room temperature overnight. This is the piece to be
removed from RNAlater solution for mRNA extraction the next day.
mRNA extraction/cDNA synthesis: mRNA extraction performed under nuclease free
environment per protocol of Qiagen Sciences with final elution of 50µL mRNA per sample.
Double gloving technique employed. CDNA synthesized using BioRad Corporation iScript RT
Enzyme mix. Gels run after first mRNA synthesis, and second and third cDNA syntheses to
verify content of product. A total of three mRNA extractions and seven cDNA syntheses were
performed.
Q-PCR: Q-PCR runs 1 through 3 were used as trial runs. Following first three runs, QPCR runs 4 through 7 were optimally plated using 96 well Q-PCR plates. Experimentally
significant data taken from runs 4 through 7. Master mixes for target genes made up prior to each
run. General formulation used to determine optimal master mix content for each Q-PCR run
shown in table-1:
Table-1
Reagents

Formulated Master Mix composition for one Gene Specific Assay
1-well vol. (µL)
18 well vol. (µL)

SsoFast Probes Mix (2x)
Gene Specific Assay (20x)
De-ionized water

10
1
6.6

180
18
118.8

Runs 4 through 7 conducted under same master mix protocol. 17.6 µL MM and 2.4µL cDNA
pipetted into each well. For these runs, target fluorophore (FAM) examined in duplicates across
all samples designates as 1-4A for the control group and 1-4B for the experimental group
(figure-1). Data analyzed according to ΔΔCT, or Livak Method, using the CFX-96 Manager
software from BioRad Corporation.

Figure-1 Plating pattern for optimized Q-PCR runs 4 through 7. Patter was most effective when
extrapolating expression fold calculation.

III. Results:
mRNA extraction: After the first mRNA extraction, a 1% Agarose gel in buffer 1x
buffer TAE was used in mRNA electrophoresis. Gel was run at 100v for 1 hour. mRNA yield
expressed good migration and density of bands in all samples. A picture of the gel and each
channel may be seen in Figure-2:
4A
3A
2A
1A
4B
3B
2B
1B
Lambda Hindi III (Ladder)
Figure-2 Final migration of extracted mRNA in samples 1-4A and 1-4B

No further gel electrophoresis necessary following verification of eluted mRNA.

cDNA synthesis: cDNA synthesis was performed following verification of mRNA yield
to confirm reverse transcription has occurred. Protocols used were Applied Biosystems-RT
enzyme mix and BioRad-iScript RT Supermix. Gel 1 (depicted in Figure-3) contained samples
prepared from Applied Biosystems RT enzyme mix. Contents of Figure-3 wells showed no
migration. Gel 2 (depicted in Figure-4) contained samples prepared from BioRad corporation
iScript Enzyme Supermix and Applied Biosystems (varied sample amount). Contents of rightmost wells in Figure-4 showed significant migration in BioRad synthesized samples.
4A
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Lambda Hindi III (Ladder)
Figure-3 cDNA yield using Applied Biosystems RT Enzyme mix.

4B (no RT Supermix)
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Hindi III (Ladder)

Figure-4 Two sets of wells were used to run electrophoresis. The left most wells contain the
Applied Biosystems RT enzyme Supermix samples. The right-most wells contain the BioRad
iScript Supermix samples.

1A1 (2µL cDNA)

qPCR: Amplification of gene product was determined in all samples except for Trial-1.
Trial-2 and Trial-3 were exhibitory of gene amplification but with insufficient consistency. Trial4, Trial-5, Trial-6, and Trial-7 were exhibitory of gene amplification that crossed CT thresholds.
Increases in fold expressions were observed in Fibrinogen-α in Trial-4 and Trial-5. The
decreasing expression fold trend for Fibrinogen-α continues through Trial-6 and Trial-7
exhibiting expression folds of 0.56276 and 0.33624 respectively. This trend can be observed in
Figures-6,8,10, and 12. AT III exhibited higher fold expression in Trial-4 and Trial-7 as depicted
in Figure-6 and Figure-12. The reverse was observed in Figure-8 and Figure-10 when expression
fold of AT III relative to normal was decreased. Factor-X expressed a levels lower than those of
normal values in Trial-4, Trial-5, and Trial-6. While the variation between the decreased fold
expression was rather large as noted in Table-2, Table-3 and Table-4, there is a spike in
increased expression in Trial-7 of more than eight-times that of normal value. The plots of
Relative-fluorescence as a function of Cycle-number are seen in Figure-5, Figure-7, Figure-9 and
Figure-11. Under the proposed hypothesis, the amplification curves will cluster at lower cycle
numbers for the experimental groups because of higher number of starting gene product (cDNA).
Amplifying more starting product relative to typical control levels will result in amounts of
detectable fluorescence (CT values) shifted to the left. Therefore, in Figures 5, 7, 9 and 11, the
amplification curves will lie to the left for the experimental groups and to the right for the control
groups if the gene products are expressed at higher levels in the treated rats. The distribution of
amplification curves is consistent with the changes observed in Tables 2, 3, 4 and 5.

(All Figures and Tables described seen on following pages)

Figure-5 Trial-4 log scale plot of RFU (Relative fluorescence units) vs. number of cycles
showing CT lines (Critical Threshold lines).

Figure-6 Trial-4 plot of Normalized Fold Expression shown by target genes in
reference to β-Actin.

Table-2
Target
Fibrinogen-α
Fibrinogen-α
AT III
AT III
Factor-X
Factor-X

Trail-4 Normalized Fold Expression Calculated by ΔΔCT Method
Sample
Expression (Relative to Control)
Control
Experimental
Control
Experimental
Control
Experimental

1.00000
6.67612
1.00000
1.48719
1.00000
0.60939

Figure-7 Trial-5 log scale plot of RFU (Relative fluorescence units) vs. number of cycles
showing CT lines (Critical Threshold lines).

Figure-8 Trial-5 plot of Normalized Fold Expression shown by target genes in
reference to β-Actin.

Table-3
Target
Fibrinogen-α
Fibrinogen-α
AT III
AT III
Factor-X
Factor-X

Trail-5 Normalized Fold Expression Calculated by ΔΔCT Method
Sample
Expression (Relative to Control)
Control
Experimental
Control
Experimental
Control
Experimental

1.00000
3.83074
1.00000
0.44524
1.00000
0.91564

Figure-9 Trial-6 log scale plot of RFU (Relative fluorescence units) vs. number of cycles
showing CT lines (Critical Threshold lines).

Figure-10 Trial-6 plot of Normalized Fold Expression shown by target genes in
reference to β-Actin.

Table-4
Target
Fibrinogen-α
Fibrinogen-α
AT III
AT III
Factor-X
Factor-X

Trail-6 Normalized Fold Expression Calculated by ΔΔCT Method
Sample
Expression (Relative to Control)
Control
Experimental
Control
Experimental
Control
Experimental

1.00000
0.56276
1.00000
0.58714
1.00000
0.28709

Figure-11 Trial-7 log scale plot of RFU (Relative fluorescence units) vs. number of cycles
showing CT lines (Critical Threshold lines).

Figure-12 Trial-7 plot of Normalized Fold Expression shown by target genes in
reference to β-Actin.

Table-5
Target
Fibrinogen-α
Fibrinogen-α
AT III
AT III
Factor-X
Factor-X

Trail-7 Normalized Fold Expression Calculated by ΔΔCT Method
Sample
Expression (Relative to Control)
Control
Experimental
Control
Experimental
Control
Experimental

1.00000
0.33624
1.00000
5.22081
1.00000
8.48170

IV. Discussion/Analysis
mRNA Extraction: Extraction of mRNA from liver tissue was carried out with minimal
complications. It can be observed in figure 2 that there are varying concentrations among
samples of total mRNA eluted from the lysed cells. While each sample indeed yielded
experimentally significant amounts mRNA, the variation in density is attributable to a number of
factors. The treatment of equipment with RNAse Zap- solution was carried out thoroughly prior
to each extraction. However, the time that the reagent reacted with the RNAse enzymes in the
environment may have varied, thus leaving enough residual RNAse is some cases to affect the
final yield of mRNA that would be eluted. Another important factor to be considered is the area
of the liver from which the sample was removed. Since the liver is an organ in mammals with
several lobes, it has been found that different regions of each lobe serve certain functions that are
attributed to the liver as a whole. No special effort in this study was taken to ensure the same
area of the liver from each sample rat was examined. While this may have given more consistent
yields of mRNA from anatomically similar locations of the liver, no specifications were found
that suggested area-specific expression of the thrombotic and thrombolytic proteins.
The highest yields of mRNA after extraction 1 came from samples 3B and 1A. Bearing in
mind that there is no specificity for target genes during extraction, the eluted mRNA is
essentially a soup of all mRNA transcripts for all genes being expressed in the liver at the time
the animal was opened. Under consideration of the LPS induced acute phase reaction, it is
expected to observe higher yields of mRNA in samples 1-4B, which is trended in figure-2. This
observation is consistent with the amped up immune response induced by treatment with the
LPS. While it might appear that wells 4A, 2A, and 1B in figure-2 are free of mRNA, the
unknown concentration of eluted mRNA pipetted into the well (5µL) in this case may have been

diluted to the point of now visible band migration. The migration of the well contents through
the gel into 4 distinct bands is suggestive that there are four characteristic nitrogenous base chain
lengths produced after post-transcriptional modification of the mRNA produced in the liver. This
hypothesis would provide a counter-argument for the suggestion that the samples taken from
different areas of the liver were non-expressive of similar genes in similar quantities. Therefore,
it is assumed that the gene expression of thrombotic and thrombolytic factors is uniform
throughout the rat’s liver.
cDNA Synthesis: Synthesizing experimentally valid amounts of cDNA from mRNA
required a bit of trial and error. There were two cDNA synthesis systems employed in this study
as noted previously from Applied Biosystems and BioRad Corporation. The success of either
system was governed primarily by the amount of mRNA introduced to the RT (Reverse
Transcriptase) enzyme mix. It was determined after performing the gel electrophoresis in figures
3 and 4 that the BioRad Corporation synthesized cDNA from extracted mRNA with higher
yields. This was attributed to the systems inability to be “overloaded” with a sample amount that
overwhelms and inactivates the RT enzyme mix. This hypothesis holds valid because in figure-4,
the varied amounts of mRNA pipetted into the wells shows that even at low volumes the Applied
Biosystems RT enzyme mix appeared to be ineffective. In the same gel, the BioRad Corporation
enzyme mix was introduced to a sample size noted to inactivate the Applied Biosystems enzyme,
but reverse transcribed the mRNA without complications.
The unique characteristics of the enzyme in either case are undisclosed but both serve the
same purpose. Since conventional transcription occurs in order of DNA to mRNA, the reverse
transcription process indicates the opposite – beginning with mRNA and ending with cDNA. The
little c is indicative of Complementary DNA from mRNA. The benefit to this procedure is two-

fold: first, the instability of working with mRNA is removed from the experiment. DNA is
exponentially more stable than all forms of RNA and therefore much safer to work with. All
results obtained with the cDNA are indicative of quantitative aspects of the mRNA. Second,
quantitative observations may be made through Quantitative-PCR to analyze the variation among
gene expression more easily. This is achieved through amplification of the genetic cDNA in
solution carried out by a number of amplification cycles yielding increased fluorescence to be
measured as a function of amplicons in solution.
qPCR: A successful amplification for Q-PCR is governed by the proportions of reagents
used to bind, amplify and fluoresce the target gene in solution. Significantly disrupted ratios of
these reagents may lead to what appear as rigid amplification curves (figure-4) that often fail to
reach CT values. This is critical for analysis of the data because the CT values are the points in
the amplification process at which the fluorescence for a specific target’s amplification reaches
an experimentally significant value. If that value is not breached, the original amount of RNA in
the sample cannot be quantified. For those reasons, Trial-1, Trial-2, and Trial-3 were all
discounted from the data report. Their lack of success attests the reason for conducting this
experiment, making it evident that obtaining reproducible qPCR results requires practice. Each
of the three trials was plated in separate fashion, also contributing to their dissonance from Trial4, Trial-5, Trial-6, and Trial-7. Since cDNA synthesis was carried out with success, failure of
these plates to reach CT threshold is most likely do to improper ratios of SsoFast probes, Gene
specific Assay, and water in the master mixes. Calculations performed thereafter were useful in
optimizing the amount of reagent used per master mix, per plate. These results were
implemented in plates 4-7 as indicated in table-1 and figure-1.

The correlated rise in Fibrinogen-α and AT III is observed due to their direct relationship
with one another in the clotting mechanism. If the systemic response induced by treatment with
LPS does not act specifically to form or degrade clots, the rise or fall in expression of thrombotic
and thrombolytic factors will be congruent with one another since they are in balance at typical
physiological conditions. In this case, a thrombotic factor, Fibrinogen-α increases its expression
thus increasing the risk of widespread coagulation. In order to counter this, a rise in thrombolytic
factors, AT III, is anticipated. Factor-X is a component of the extrinsic pathway, the division of
the clotting mechanism that acts to release large amounts of thrombin to induce clotting. If there
is a decline in the activity of this system in the rat secondary to a hyperactive immune system,
the components that comprise this division of the clotting mechanism may be proposed to
decrease as well. This is one logical explanation for the decrease of Factor-X despite increases in
Fibrinogen-α and AT III as observed in Trial-4.
The consistent increased fold expression of thrombotic Fibrinogen-α may be due to a
response that aims to trap blood pathogens and any other impurities in tiny clots. While this
study didn’t involve introducing a pathogenic species to the rat, the LPS is a common pathogenic
excretion that the rats immune system may have recognized and responded accordingly under
this hypothesis. A decrease in thrombolytic proteins such as AT III would be consistent with this
as well in order to allow for the ready formation of the tiny clots without their immediate
disassembly.
Trial-6 followed Trial-5 by only a few hours, but yielded significantly different results.
All target genes were reported to have decreased product expression: Fibrinogen-α was
expressed at 0.56276 relative to normal level, AT III at 0.58714, and Factor-X at 0.28709. These
values obtained were representative of the same eluted mRNA used to determine expression

folds in Trial-5, which exhibited significantly different expression folds as noted. Trial-7 yielded
fold expression values that showed 5.22081 relative increase in AT III, 8.48170 relative increase
in Factor-X, and a 0.33624 relative decrease in Fibrinogen-α. The high degree of variation
among individual expression folds between target genes as well as control and experimental
groups suggests a high level of genetic variation among the rats. Feeder rats are not inbred as are
experimental rats, nor are they removed from bred populations if they are determined to have
neutral, silent, or beneficial mutations. Any of these mutations and their potential affects on the
organism’s immune system will ensue a great deal of variation among analytical results that are
hypothesized to observe certain trends.

V. Conclusions
The data and analysis discussed in this experiment are suggestive of results similar to
those obtained in the mother study. While the goals and data obtained throughout the studies
were not the same, many of the results obtained allowed for a more broad interpretation and
prediction of individual mammalian variation in induced immune responses and their effects on
concentrations of thrombotic and thrombolytic proteins. It is evident that more studies are
necessary to draw pertinent conclusions about any newly formed hypotheses. The integrity and
skills obtained from this project are to be translated into a study of the same plasma proteins and
their variance between seasons of the Golden Syrian Hamster. Through excision of livers from
hibernating and non-hibernating Golden Syrian Hamsters, extraction of mRNA, and conversion
to cDNA, it is possible to obtain data indicative of varied gene expression of thrombotic and
thrombolytic plasma proteins in the Hamster. This information will be helpful in designing and
carrying out experiments on human studies in order to better our knowledge of the mechanisms
and changes that take place within our bodies.
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