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Abstract

Background—Plasma is vital for the resuscitation of injured patients and to restore necessary
pro-coagulants, especially factors Il, V, VII, X and XIII; however, female plasma has been
implicated in the majority of transfusion-related acute lung injury (TRALI) cases and male-only
plasma transfusion regimens have significantly decreased the incidence of TRALI. Little is known
about the Human plasma proteome, and no comparisons have been made between male and
female plasma; therefore, we hypothesize that there are significant differences between plasma
from male and female donors.

Methods—5 units of fresh frozen plasma (FFP) each were collected from nulliparous female
donors and male donors and the proteome was analyzed by depleting the 14 most common
proteins by immunoaffinity columns followed by protein separation by one dimension gel
electrophoresis, tryptic digestion of the proteins, analysis of the peptides by liquid
chromatography tandem mass spectrometry and identification employing human protein sequence
databases.

Results—female plasma, vs. males contained pregnancy zone protein (419-580-fold), factor V
(2-fold), as-antitrypsin (2-fold), B,-microglobulin (2-fold), and complement factors H and C4B
(1.5-2-fold) at significantly higher concentrations than males and males contained significant
increases in Fc binding protein (2-fold), protein Z-dependent protease inhibitor (2-fold),
phosphatidylinositol-glycan specific phospholipase (4-fold), protein S-100 (3-fold) and
transgelin-2 (14-fold) vs. females (p<.005). The increases in factor V, aq-antitrypsin, and p,-
microglobulin were confirmed by an activity assay or immunoblots. We conclude that there are
proteomic differences between male and female plasma which could be exploited to improve
clinical outcomes in transfused patients.

Introduction

Plasma is used for the resuscitation of patients with inherent, factor XI deficiency, or
acquired coagulopathies, and is vital for resuscitation of injured patients especially those
requiring massive transfusions.1-® For resuscitation of the injured, the administration of
plasma is especially important to restore coagulation factors, especially factors I, V, VII,
and XIII, and in which levels of 20% of normal are required to provide appropriate
hemostasis for surgical bleeding.247 Although vital for resuscitation of trauma patients,
plasma has been considered to be the “most dangerous” blood product due to untoward
effects and its relationship with poor outcomes with liberal use. 8
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Plasma and plasma-containing blood products are inordinately implicated in transfusion-
related acute lung injury (TRALI) the leading cause of transfusion mortality world-wide.%10
Female plasma has been linked to the majority of TRALI reactions due to fetal:maternal
alloimmunization resulting in the production of antibodies that recognize the Human
Lymphocyte Antigens (HLA), both class | and class 11, which have been implicated in
TRALI.%11.12 Recently, male-only transfusion practices have resulted in a significant
decrease in both the total number of, and fatalities from, transfusion-related acute lung
injury (TRALI) in both the United States and the United Kingdom.13-15 We hypothesize that
there are differences in coagulation factors and other proteins between plasma from female
and male donors which may affect the transfused host.

Materials and Methods

Reagents

Bovine serum albumin (BSA), ammonium bicarbonate, dithiothreitol (DTT), and
iodoacetamide were all purchased from Sigma-Aldrich. Formic acid (FA) was obtained from
Fluka (Buchs, Switzerland), and acetonitrile was from Burdick and Jackson (Morristown,
NJ). Trypsin (sequencing grade, I-1-tosylamido-2-phenylethyl chloromethyl ketone-treated)
was from Promega (Madison, WI). Antibodies for immunoblotting were purchased from
Santa Cruz (Santa Cruz, CA).

Human Blood Plasma Samples

Units of FDA-licensed plasma (FP24) were collected from 5 healthy male donors (all A+,
age 59.8 years, range 45-73) and 5 healthy antibody-negative female, nulliparous, donors (3
O+ and 2 A+, age 41 years, range 27-52) per industry standards via the Standard Operating
Procedures of Bonfils Blood Center. Aliquots of plasma were drawn through sterile couplers
from the original plasma unit prior to freezing, and freezing was completed 10 hours of
collection with all samples remaining at —80°C until use. All proteomic analyses were
complete within 2 months of storage.

Immunoaffinity Depletion of High-Abundance Proteins

The 14 most abundant proteins (albumin, 1gG, as-anti-trypsin, IgA, transferrin, haptoglobin,
fibrinogen, ay-macroglobulin, a;-acid glycoprotein, IgM, apolipoprotein Al, apolipoprotein
All, complement C3, and transthyretin) were depleted from plasma using the antibody-based
multiple affinity removal spin cartridge (Agilent Technologies, Santa Clara, CA, USA).
Plasma (10 ul) was diluted with 190 pl of buffer A and centrifuged through a 0.22 um filter
at 5,000 x g for 5 minutes to remove particulates. The filtered sample was loaded onto the
Multiple Affinity Removal Spin Cartridge. The sample was incubated at room temperature
for 5 min and passed into the column at slow speed (100 x g for 1.5 minutes). The column
was washed twice with 400 uL of equilibration buffer A, and centrifuged (2.5 min, 100 x g)
to collect the total unbound and wash fractions. The bound fraction was eluted with 2.5 mL
of manufacturer's elution buffer B. The cartridge was recycled for further use by washing
with 5 mL of buffer A. Both the flow-through fraction containing unbound proteins and
wash fractions were pooled and concentrated with a 5 kDa MWCO spin concentrator at
3000 rpm for 30 min at 4°C to a volume of 200 uL. Total protein content was determined by
the BCA protein assay at 595 nm.

One-dimensional gel electrophoresis

A portion of the sample (30 ug) was diluted into NUPAGE® LDS Sample Buffer (4X)
(Invitrogen, Paisley, Renfrewshire, UK) and heated for 10 minutes at 70°C. The samples
were loaded onto a 1 mm thick NuPage 4-12% Bis-Tris gel (Invitrogen). The BenchMark™

Transfusion. Author manuscript; available in PMC 2013 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Silliman et al.

Page 3

Protein Ladder (Invitrogen) was used as a protein molecular mass marker. The gel was
electrophoresed, using MES SDS running buffer, in an X-Cell 11 mini gel system
(Invitrogen) at 200 V, 120 mA, 25 W per gel for 30 minutes. Proteins were visualized using
Coomassie Blue (Invitrogen) followed by destaining in 10% ethanol and 7.5% acetic acid.
Each lane of the gel was divided into 10 equal-sized pieces and proteins in the gel were
digested as follows.

In-gel tryptic digestion

Excised gel pieces were destained in 200 pl of 25 mM ammonium bicarbonate in 50% v/v
ACN for 15 min, and then 200 pl of 100% ACN was applied for 15 min at room
temperature. Reduction of disulfide bonds was achieved by addition of 10 mm DTT for 30
min at 65 °C. After cooling to room temperature, the free cysteine residues were alkylated
with 20 mM iodoacetamide in the dark at room temperature for 45 min. The iodoacetamide
was then removed, and washes were performed with 200 ul of distilled water followed by
addition of 100 ul of ACN. Then ACN was removed, and 50 pl of the 0.01 ug/ul trypsin
solution was added to each plug and allowed to rehydrate the gel plugs at 4°C for 30 min
and then incubated at 37°C overnight. The tryptic mixtures were acidified with formic acid
up to a final concentration of 1%. Peptides were extracted three times from the gel plugs
using 50% ACN, 1% FA, concentrated by SpeedVac™ to a desired volume (~18 ul), and
subjected to LC-MS/MS analysis. If necessary, they were stored at —20 °C

Liquid Chromatography—-Tandem Mass Spectrometry

Digested samples were analyzed with a capillary HPLC system (Agilent 1200, Palo Alto,
CA) coupled with a linear ion trap mass spectrometer LTQ-XL Linear lon Trap Mass
Spectrometer (Thermo Fisher; San Jose, CA) through an in-house built a nanoelectrospray
ionization source. Two microliters of tryptic digest sample was injected onto a reverse phase
C1g column (75 pm ID x 360 um OD x 100 mm length) packed in-house with 4 um, 100 A
pore (Synergy, Phenomenex, Torrance, CA) kept at a constant 40°C using an in-house built
column heater with a flow rate of 120 puL/min before the T-split and 380 nL/min postsplit
(Agilent, Santa Clara, CA). Mobile-phase A was 5% acetonitrile with 0.1% formic, and
mobile-phase B was 95% acetonitrile with 0.1% formic acid. A 90-min linear gradient from
5 to 50% B was employed for peptide separation. Data acquisition was performed using the
instrument supplied Xcalibur (version 2.0.6) software. The LC runs were monitored in
positive ion mode by sequentially recording survey MS scans (m/z 400-2000), MS? were
obtained in the ICR cell. The spray voltage was set at 2 kV; the ion transfer capillary
temperature was set at 200 °C; and the normalized collision energy for MS/MS
decomposition of peptides was set at 35%. With regard to sensitivity, it is typical for this
analytical platform to yield 150-400 protein identifications from 30 ug of total protein from
complex samples such as plasma.

Database searching, protein identification

MS/MS spectra were extracted from raw data files and converted into .mgf files using
PAVA (UCSF, MSF, San Francisco, CA). Mascot (version 2.2; Matrix Science Inc.,
London, UK) was used to perform database searches against the human subset SwissProt
database of the extracted MS/MS data. Peptide tolerance was set at + 10 ppm with MS/MS
tolerance set at + 0.6 Da. Trypsin specificity was used allowing for 1 missed cleavage. The
modifications of Met oxidation, protein N-terminal acetylation, and peptide N-terminal
pyroglutamic acid formation were allowed for, and Cys-carbamidomethylation was set as a
fixed modification.

Scaffold (version 2, Proteome Software, Portland, OR, USA) was used to validate MS/MS
based peptide and protein identifications. Peptide identifications were accepted if they could
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be established at greater than 95.0% probability as specified by the Peptide Prophet
algorithm. Protein identifications were accepted if they could be established at greater than
99.0% probability and contained at least two identified unique peptides.

Both unique peptides and total peptides per protein were calculated for each patient and
normalized to total unique and total identified peptides per sample. These values were used
to perform spectral counting for a semi-quantitative comparison between groups. A
Student's t-test (2-tailed) was used to determine statistical significance (p<.005) between the
two groups for each protein.

Factor V activity assays

Factor V activity assays were performed In the Hematology Laboratory at The Children's
Hospital Aurora, CO. Factor V activity was measured on a STA-R Evolution coagulation
analyzer (Diagnostica Stago, Asnieres sur Seine, France), which employs Factor V deficient
plasma (Precision BioLogic, Nova Scotia, Canada) and lyophilized thromboplastin
(Diagnostica Stago, Asnieres sur Seine, France). Briefly, Factor V deficient plasma is mixed
with the patient's plasma and calcium thromboplastin to measure the clotting time, the
degree of correction of the PT is proportional to the level of Factor V in the patient plasma
and is compared with that of a normal standard curve (the clotting times are on Y axis and
the percentages of Factor V activity are on x-axis) to obtain a quantitative activity of Factor
V of the patient. These data were completed in a blinded fashion so that the Medical
Technologist did not know the donor gender of the plasma sample.

Western Blotting of plasma proteins

Results

Plasma samples (25 pul) were digested in sodium dodecy! sulfate (SDS)-digestion buffer with
protease inhibitors, loaded onto 10% or 15% SDS-polyacrylamide gels, and the proteins
separated.18 The separated proteins were transferred to nitrocellulose and immunoblotted
with antibodies specific for aq-antitrypsin and B,-microglobulin, as previously described.16
Densitometry was completed using Image J software (National Institutes of Health) to
determine the average amounts of the protein in plasma units from male vs. female donors.

Proteomic Analysis

Plasma from 5 males and 5 nulliparous (never been pregnant) females has been analyzed
using a label-free differential proteomics approach. The 14 most abundant proteins in human
plasma, albumin & globulins, were removed via affinity chromatography prior to analysis to
maximize the number of identifications. Mass spectrometry analysis resulted in the
identification of 231 total proteins (please see Supplementary Table 1), and proteins that
were differentially present in female vs. male plasma appear in Table 1. These proteins
include significant increases in females (vs. males, p<.005) of pregnancy zone protein (419-
to 580-fold), coagulation factor V (2-fold), as-antitrypsin (2-fold), p,-microglobulin (2-
fold), and complement factors H and C4B (1.5-fold). In males (vs. females, p<.005) there
were increases in the Fc-binding protein (2-fold), protein Z-dependent protease inhibitor (2-
fold), phosphatidylinositol-glycan specific phospholipase (4-fold), protein S-100 (3-fold)
and transgelin-2 (14-fold). Therefore, transfusion of male plasma would appear to result in
decreased levels of factor V and decreased anti-protease activity when compared to female
plasma. Importantly, all the male donors were A+, and the female donors consisted of 3 O+
and 2 A+ individuals. No differences were observed when A+ and O+ females were
compared (data not shown).
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Factor V activity assays

To validate our findings for Factor V, an activity assay was used that is based on the use of
Factor V deficient plasma, activation with thromboplastin, and the use of a standard curve of
known Factor V activity. The results confirmed significantly higher Factor V activity in the
female samples 1015 vs. males 77+3% activity. The lowest concentration of factor V in
female plasma (88%) was greater than the highest concentration in male plasma (86%).

Western blotting of aj-antitrypsin and Bo-microglobulin

Immunoblotting of unmodified plasma demonstrated that there was more a-antitrypsin
immunoreactivity in the plasma from female donors than in male donors (female 1.1+0.2*
vs. male 0.54+0.2, *=p<.05, Fig.1). Similarly, the Western blot signal for B,-microglobulin
was also elevated in the plasma from female vs. male donors (female: 0.64+0.2* vs. male:
0.37£0.2, *=p<.05, Figs.2). These data provide confirmation of the differences seen via our
label-free proteomic approach using standard biochemical techniques.

Discussion

The presented data identified approximately 231 distinct proteins after the 14 most abundant
proteins, albumin, etc., were removed by affinity chromatography. Of no surprise, female
plasma had higher levels of pregnancy zone protein, which is directly related to the sex
hormones responsible for gender differences. Surprisingly, females also had significantly
more factor V and increased amounts of as-antitrypsin and ,-microglobulin. These
differences were confirmed by standard biochemical assays, including: factor V activity in a
CAP, CLIA and FDA-certified clinical coagulation laboratory and western blotting,
respectively. Males plasma showed an increase in Fc-binding protein, protein Z-dependent
protease inhibitor, phosphatidylinositol-glycan specific phospholipase, protein S-100, and
transgelin-2. One limitation, other than small sample size, is that this study includes data
from only 5 A+ males and 3 A+ and 2 O+ females. However, none of the proteins that
demonstrated numerical distinctions between male and female donors have been shown to
differ among ABO or Rh blood groups, similar to factor VIII or von Willebrand factor, and
there were no significant differences noted between the plasma from A+ or O+ females.* In
addition, the complement factors H and C4B, demonstrated a 1.5- to 2-fold difference in our
analysis, the smallest fold difference of the proteins analyzed with a statistical difference
between the spectral counts of p<.005.

Factor V is a vital coagulation co-factor that requires Ca2* and a platelet phospholipid
surface to accelerate the formation of factor Xa from hours to seconds, and allows for the
productive recruitment of pro-thrombin to the platelet membrane for efficient thrombin
generation. 4 In addition, free Factor Va markedly facilitates clearance of the Va:Xa
complex to decrease widespread thrombin generation.*17 Factor V levels increase with age
6-7.6% per decade of life.18:19 Deficiencies in Factor V results in minor to major bleeding
and the treatment involves the infusion of frozen plasma; however, factor V is the most
labile of the coagulation factors in frozen plasma such that one should transfuse plasma of
1-2 months storage age to treat deficiency.#17.20 The presented proteomic data demonstrates
that factor V procoagulant levels are higher in the donated plasma units from 5 females than
5 males despite the males being significantly older (Males: 59.8 years vs. females: 41 years,
p=0.02). This difference was confirmed by a factor V activity assay employing factor V-
deficient plasma. However, one would expect that factor V levels in male plasma, especially
from significantly older males, would be greater or equal to factor V levels in the plasma
from younger female donors, which was not the case. Furthermore, the factor V levels are
from plasma units that were stored for identical times and not from freshly isolated plasma
samples as was the case for previous studies that concluded that there is not a difference in
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factor V from males and females.18.19 Further studies with a large population of donors is
required to corroborate these findings.

a-1-antitrypsin is the best known serine protease inhibitor of the serpin family which has a
structural conformation that allows it to bind tightly and inhibit serine proteases, including:
neutrophil elastase, cathepsin G, and proteinase 3.21-23 g-1-antitrypsin deficiency is
manifested by protease-induced bronchiectasis, lung injury, and liver damage including:
cholestasis, cirrhosis, hepatocellular carcinoma, and neutrophil cutaneous panniculitis. 21-23
a-1-antitrypsin inhibits neutrophil elastase both in vitro and in vivo and has been successful
in treating the pulmonary but not the liver manifestations of a-1-antirypsin deficiency, and
adults with cystic fibrosis in a small clinical study.2123 From our previous experience with
immunoaffinity depletion (ID) of plasma for MS analysis it was not surprising to observe
peptides arising from proteins that the ID column was directed against. In general, we
observe 85 to 98% depletion efficiency of the intact protein as long as the binding capacity
of the column is not exceeded. While the antibodies used are usually polyclonal there is the
possibility that cleavage or modifications could prevent epitope recognition. To validate the
difference observed in al-antitrypsin levels we performed Immunoblotting of unmodified
(undepleted) plasma and found the aforementioned differences in female vs. male plasma.

Bo-microglobulin, which is the light or B-chain of the HLA class | molecule, is present in
serum, urine, and synovial fluid, and because of its purely renal excretion has been used as a
marker of renal function.2425 g,-microglobulin is increased in the serum or plasma of
patients with chronic kidney disease, hematological malignancies, auto-immune disease,
especially systemic lupus erythematosis, infections and in lymphoproliferative disorders,
e.g. myeloma; however, little data exists about plasma levels in healthy adults.24-30 In the
sera, adolescent males are reported to have higher levels of B,-microglobulin than females;
however, B,-microglobulin levels in the sera from adults demonstrate no increase in males
and a mild increase with age.2%31 To the best of our knowledge there are no reports of
relative B2-microglobulin plasma levels in males versus females.

Increases in the complement proteins C4 and factor H have not been linked to clinical
disease; however deficiencies of C4 result in immune complex disease and deficiencies of
factor H have been linked to recurrent pyogenic infections.32 C4 is the substrate for C1 to
activate the classical pathway of complement activation and Factor H, along with Factor I,
controls activation of the alternative pathway.32 There are no data with regard to gender
differences in the complement proteins.

In FDA-licensed plasma from male donors a number of proteins were increased vs. the
proteins from female plasma. Protein S-100 is a protein expressed by neural glia in the
central nervous system and is used as a marker for brain tumors and other malignancies and
lymphoproliferative diseases.33:34 The function of S-100 proteins are multifaceted and have
not been clearly defined.33:34

Protein Z-dependent protease inhibitor (ZPI) is a member of the serpin superfamily of
protease inhibitors which inhibits both Factor Xa and Factor Xia activity with the former
requiring protein Z binding factor Xa in a Ca2*-dependent fashion.3536 ZP1 is consumed
during coagulation; however, it forms weak complexes with factor Xa and Xia and serves as
a co-factor with protein Z to dampen coagulation.35:36

Fc-binding protein is widely expressed in the tissues of human and on the epithelial surface,
especially the mucosal epithelium, and it is functionally intact in mucus, saliva, and other
fluids and appears to be an important part of mucosal membrane defenses.3”-39 In addition,
Fc-binding proteins can inhibit complement mediated interactions and help protect the host
from foreign immunoglobulins.37-39

Transfusion. Author manuscript; available in PMC 2013 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Silliman et al.

Page 7

Transgelin-2 is a structural protein from smooth muscle that has been reported to be a
marker of lung adenocarcinoma.?%41 Furthermore, transgelin-2 appears to be synthesized by
B-1 and not B-2 lymphocytes from the spleen.*9. The function of transgelin-2 remains
unknown, and although it is reported to be a structural protein of smooth muscle, its
presence in epithelial stroma, B-1 lymphocytes, and pulmonary adenocarcinoma remain
undefined.40-41

Lastly, phosphatidylinositol-glycan specific phospholipase is an intracellular phospholipase
responsible for the generation of second messengers from phosphatidylinositol 4,5-
bisphosphate (PIP,) most notably inositol 1,4,5-trisphosphate (IP3) and inositol 1,3,4,5-
tetrakisphosphate (IP4).42-44 Its significance in male plasma is entirely unknown but it
appeared in all 5 plasma samples and was significantly increased in the plasma units from
male versus female donors.

Recent data has demonstrated differences between patients with solid tumors and healthy
controls to some of the more abundant proteins removed by affinity depletion in these
studies, namely a-1-antitrypsin, transthyretin, and apolipoprotein Al.45 Follow-up studies
demonstrated that both transthyretin and apolipoprotein Al (both decreased) used in
combination with the tumor marker CA125 were reliable predictors of early-stage ovarian
cancer; however none of these proteins alone were sensitive or specific enough to predict
ovarian cancer. Follow-up data has not demonstrated the specificity or the sensitivity of the
earlier studies.*6-48 |n addition, both transthyretin and a-1-antitrypsin have been implicated
as sensitive and specific tumor markers of pancreatic cancer; conversely, newer data has
demonstrated that when the studies accounted for obstructive jaundice, only transthyretin
remained as a sensitive and specific tumor marker.4549:50 Further work is needed to
ascertain the best tumor markers for specific age groups, it is notable that differences in a-1-
antitrypsin via gender in healthy adult blood donors were found in the presented data set.

Our data indicate that despite the small sample size used for discovery there are protein
differences in FDA-licensed plasma that reflect donor gender. Several differences were
corroborated by standard biochemical quantification: factor V, ,-microglobulin, and a-1-
antitrypsin. It is possible that our observed differences are artifacts due to the small sample
size, and studies with larger populations need to be completed to validate these data. The
roles of proteins found at higher abundance in either male or female plasma remain
undefined; nevertheless, these results were not foreseen. Plasma infusions are important to
replace coagulation factors, especially factors I, V, and VI and a case may be made for
factor X in injured patients. In addition, the role of proteases in acute organ injury and
multiple organ failure have been suggested, and if correct, female plasma could more
efficiently be used as part of resuscitation to augment factor V levels, to increase circulating
anti-protease concentrations, and to potentially decrease indiscriminant alternative pathway
activation of complement. More boldly stated, this study suggests that there are “trade-offs”
with every policy including the transfusion of male-only plasma such that while a specific
policy may help increase blood safety with some patients, e.g. TRALLI, it may reduce the
optimal transfusion benefits for other patient types. Clearly, though, these advantages are
theoretical and would require careful outcome analyses in well-matched patient cohorts
before any definitive statement could be made.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Immunoblot of aq-antitrypsin from plasma of females vs. males

Plasma proteins were separated by 10% SDS polyacrylamide electrophoresis, transferred to
nitrocellulose and a4-antitrypsin immunoreactivity (panel A) was visualized by western
blotting. In the aggregate there is more total immunoreactivity for aq-antitrypsin in female
plasma, vs. male plasma, as documented by the densitometry of the resulting bands of
immunoreactivity depicted in the bar graph (panel B). This figure is representative of two
separate experiments.
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Figure 2. Immunoblot of Bo-microglobulin from plasma of females vs. males

Plasma proteins were separated by 10% SDS polyacrylamide electrophoresis, transferred to
nitrocellulose Bo-microglobulin immunoreactivity (panel A) was visualized by western
blotting. In the aggregate there is more total immunoreactivity for 3,-microglobulin in
female plasma vs. male plasma as documented by the densitometry of the bands of
immunoreactivity presented in the bar graph (panel B). This figure is representative of two
separate experiments.
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Table 1
The Plasma Proteome: Female vs. Male
Female Male
(fold increase over Male)  (fold increase over Female)

Pregnancy Zone Protein 419-580
Coagulation Factor V 2.0
ag-antitrypsin 2.0
Bo-microglobulin 2.0
Complement Factors H and C4B 1.5-2
Fc Binding Protein 2.0
Protein Z-dependent Protease Inhibitor 2.0
Phosphatidylinositol-glycan specific phospholipase 4.0
Protein S-100 3.0
Transgelin-2 14.0
p<0.005 for all
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