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ABSTRACT
Objective: Protein C, a vitamin Kdependent coagulation factor, is involved in blood coagulation. Activated protein C inacti
Va and Vllla and stimulates fibrinolysisin this processproten S serve as an important factor for activated protein
Furthermoregxcess protein S drives cancer cell proliferation and cell survival through oncogenic recéfamekelekto) We
determined ranges of protein C both in healthy individuals and clistospitalized patients.
Methods: A total of 100 patients with different diagnostic diseases and 50 healthy individuals were included in their p
protein C determinatiorA rabbit antibody against human protein C was used for the quantitative estirobplasma protai C
antigen byusing rocket immunoassay.
Results: In healthy individuals protein C antigen(PC:Ag) ranges 0.6439752u/ml. The mean coefficient of variatiq€V) of
length of rocket was calculated to be 12.45%. PC:Ag within laboramigation was 11.47%. Plasma protein C antigen wg
destroyed at 5€ for 30 minutes, whereas no significant decrease of protein C was foufd rafdgerator for one week.
Conclusion The results showed that plasma protein C antigen was considerably high in 22 diabetes mellitus. On the othd
the PC:Ag was signifently decreased in 19 liver cirrhogs 0.001)and was positively correled with serum albumin leve{p<
0.05) In 20 acute leukemiasn the averagehere was slightly lower values in PC:Aapd accompanied with significant decreasd
of PC:Ag in 5FAB M5 subtype and in 9 hypedeukocytes acute leukemias. Howewbe 3 acute promyelocytic leukemia (APL)
with overt laboratory picture obIC(disseminated intravascular coagulatidgrgd protein C concentration no lower than the
remaining 2 patients witinfectious DIC, which suggested the coagulopathy in APL might be due to mechanisms different ffrom
other forms of DIC.
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INTRODUCTION protein contain 890,894, and 999 amino acids,

respectivel§. Protein S is expresséul lung carcinoma

asma

r hand,

Protein C is a vitamin Klependent protein which was
discovered by Stenflo in 1976t was composed of a
light and heavy chain linked by interchain sulfide
bridges (Figure 1¥. In its activated form protein C
inactivates the activated factor Wa) and Vllla and
accelerates fibrinolysis Activated protein C(APC)
requires the presence of protei. ®rotein S is a
plasma protein that serve as an important cofactor for
activated protein C in the blood anticoagulant
systeni®. Protein S also act as a mitogen on distinct
cell types and is a ligand for Tyro3, a memiof the
Axl family of oncogenic receptor tyrosine kina$es
The TAM family of proteoncogenic receptor kinases
(Tyro3, Axl and Mer) is implicated irmany human
cancer§™.The full length Tyre3, Axl, and Mer
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tissue, predominantly in tumors of squamous cell
origin, and in head and neck and oral squamous cell
carcinom&’. Most of the protein S is synthesized in the
liver by hepatocytes together with the closely related
protein Gas6as an activating ligand for TAM family.
Gas6 and proteirs share 43% amino acid sequence
identity and have the same domain structure with the
exception of thrombin cleavage sites which present in
protein S but not Ga86The role of the TAM cognate
ligands Gas6 and protein S was destmated in
homeostatic regulation of the immuneascular and
nervous systems. Excess protein S drives oral
squamous cell carcinoma proliferation and cell survival
through high expression and the activation of
oncogenic receptor Akt-*¥1°,
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Figure 1: Partial structure of human protein C.
Residues that are underlined are identical to those found in bovine protein(Ga@imacarboxyglutarit acid) shown in positions 6,7, and 14 of
the light chain is tentative. The arrow indicates the probable site of cleavage in thelmaawf protein C by thromivi

Griffin et al,'’ reported the first family with a

congental protein C deficiency. Bertinaand
Broekmanset al,***' reported the first Dutch family
with a congenital protein C deficiency. Using an
immunologic assay for prowiC”, we carried out the
measurement of protein C in patients with clinical
various diseases especially bleeding diathesis.

MATERIALS AND METHODS

Blood collection:

Venous blood was collected in 1/10 volume of 0.11 M
sodium dtrate. Rasma was prepared by centrifugation
of blood at 3000 rpm for 10 min. Platelet free plasma
of 100 patients and 50 healthy volunteers were stored
at-20°C for the assessmerdf protein C levelsThree
tubes with rabbit arfprotein C serumwere kindly
supplied by Prof. RM BertinaLeiden University
Hospital, The NetherlandsThe period of experimental

procedure was completed in early 1988

Procedues:

i. Preparation of antibody-containing agarose
gels

A 12.5 ml of 1% indubiose A37 ocommercial
agarose solution is obtained by boiling in gel
buffer (PH8.8 TrisBB or TrisBB-EDTA) during
continuous stirring. The solution is allowed to cool
to 55°C, and a 60pl amount of rabbit protein C
antiserum and a 0.05ml of 0.11 mol/l sodium
citrate solution was added during careful mixing.
A 100 x 60 x 2 mm gel is prepared on small glass
plate by pouring antibodycontaining agarosé0
55°C) into a coated glas plate placed on a

horizontal table. After 10 minutes the solidified gel
is placed in a refrigeratof4 ) in a moist
atmosphereThe gel should harden before wells
can be punched.

ii. Punching out the wells.

Wells are punched out with a gel punchesing a

template.

Application of the samples.

A row of wells (about 4 mm in diameter) with

their centers at least 5 mm apart is punched in the

gel. After appropriate dilution the sampl@s pl)

are deposited in the wells. The ionic strength of the

sampls should preferably be approximately the

same as that of the electrophoresis buffer.

Subsequentlysamples are applied after the glass
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plate has been placed on the electrophoresis
apparatus and a low voltage has been aplical
V/cm). Standards in suitd dilutions are
deposited in the middle holes of the row.

iv. Electrophoresis,staining and drying.
Eledrophoresis is performed at 120\4-6
mA/plate at room temperature 12~30D for 20
hours overnight.

v. Calculation of the test results.

The length of rocke immunoprecipitate was
measuredby using a ruler,which is linearly
correlated to the amount of antigefResults
(including normal controls and patients) are
plotted on loglog paper(length of rocket in mm
versus percentage antigen)based on the
constriction of the standard curve.
Table 1: Plasma protein C antigenvalue
distribution among age groups

Age No Protein C antigen(p/ml)
groups mean+SD Range

18 25 9  1.0505+0.225 0.6439~1.3588
26 30 11 1.0623+0.2066 0.6870 1.4269
31 40 16 0.9767+0.1040 0.8047 1.1649
41 50 13 1.1268+0.1841 0.8785 1.4298
51 1 1.4752

Total 50 1.0578+0.1886 0.6439 1.4752

Data are the representationMeantStandard deviatiowithout
significantdifference of meafor the different age groups(p> 0.5).

RESULTS

Protein C antigen in healthy individuals

Protein C antigen was measured in the plasma of 50
healthy individuals who contributed to our pooled
normal pasma. A mean protein C antigen of 1.0578
wml was calculated with a SD of 0.1886/ml;
individual protein C values ranged from 0.648¢nl to
1.4752/ml. The distribution of age on the protein C
antigen concentration was evaluated in 50 healthy
individuds. The resultsare summarized inTable 1,
which indicated that no statistical differences in protein
C antigen were found for the different age groups
(p>0.5). Also, no difference was observed between
men (mean 1.0613u/ml) and women(mean 1.0550
pml). Data from those inTable 1 are the
representation ofMeaniStandard deviatiorwithout
significant difference of mearfor the different age
groups(p> 0.5).
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Table 2: Experimental results of PC peak height could be measured at 1.0409.9779 1.056Q
following a consecutivel8 assays from pooled 0.7008 0.8774 and 0.895Qu/ml. The results
normal plasma suggested no significant decrease of protein C
Plasma  Repeat Rocket CV*(%) Mean antigen when stored at 4 refrigerator for one
dilution No. height(x+s)(cm) CV*(%) week.
i; ig i-i%gg-ﬁgg g-gg 12.45 d) Linear correlation and regresaiocoefficient
14 18 0.8783:0 1082 1230 analysis In. this currentstudy, protein C antlgen
18 18 0 62560 1181 18.8 concentration ~ was measured accor_dlng to
*Mean CV=S/X x 100%S: total CV% X: 4 different Laurell's rocket immunoelectrophoresisand
dilution. further Prof. Bertina's modification. Electro
The qualitative evaluation of protein C antigen immunoassay (EIA) or rocket immunoelectro
determination phoresis is a rap and producible method for
a) For investigation,to perform the consecutive identification and quantitation of even minor
numerous assays on mixed pooled norptasma amounts of proteins. When electrophoresis of an
as standard curvethe mean coefficient of antigen leave the wells and enter the agarose gel
variation(CV) of length of rocket was calculated containing the corresponding antibody, and
to be 1245%(Table 2). eventually the antigeantibody complex
b) To estimate the within laboratory variatiod, preciftates.In particular, a 'rockelike' shape is
different plasma with PC:Ag level 0.9695 seen. The majority of the antibo@dytigen
0.5583 0.2894 and 0.058f/ml were measured precipitate is indeed at the head of the rocket.
by EIA at different gel plateeach plasma sample More detail protocol, when 3 various
was measured wice. The aerage within concentration of PC:Ag antibodies (A0 75 pl,
laboratory precisio{CVp) was calculated using 90 pl) were mixed withl2.5 ml of 1% indubiose
the following formula: A-37 agarose solution in a gel plate,
CVp=1/ xax@/2nX 100 consequentlypooled diluted normal plasma was

applied for EIA. Three linear regression equation
regarding protein C antigen could be drawn
(Figure 2), and no statistical difference in results
was obtained by comparative analysis of linear
regression between each other, respectively
(p>0.05). According to Prof. RM Bertina
experience and our laboratory conditioan
addition of 60l amounts of rabbit protein C

Where x is the calculated PC antigen level. (X1
X2) is the difference in protein C antigen level

observed at different gel platend n refers to the

numbers of assay. Usingstformula the CVfor

4 different plasma could be calculated to be

6.69% 18.03% 4.2% and 15.7% respectively,

the total mean CVp 11.16%. Meanwhiéother

3 plasma with low (0.1841 w/ml), middle antiserum was better available ineparation of
(0.9799W/ml) and high(1.3098/ml) PC antigen antibodycontaining agarose gels. The head of the
level, and eah plasma was measured 5 times by rocket is clearhigher peaksave the amounts of
EIA at the same gel platdhe calculated mean antibodies and easy to be measured by a ruler. It
CVs was 2.64%. The total coefficient of variation has been found that a good correlation between
(CV4) in the calculated mean PC antigen levels the peak height and protein C antigen levdteA
within laboratory consisted of PC antigen level a consecutivel8 assaysthe linear regression
by EIA detection at the same elg plate equation:

variation(CV within a batch,Batch CV) and Y=1.093X + 0.5621, r=0.988(Figure 2.
between different gel plate variatiginterassay

CV). Based on the formula: A

CVr=& (  C ¥+4QVp)’
CV+in PC antigen levels within laboratory was |
calculated to be 11.47%. Ly~
c) Influence of PC antigen level ialectrophoresis L
buffer with or without EDTA To determine
whether electrophoresis buffer with or without
EDTA could influence the peak height of PC B

antigen assay, pooled normal plasma was a Lo

dilution of 1:1 1:2,1:4 and 1:8, no significant -

difference in reslts obtained by EIA in the 0.5}

presence of EDTAaurell method or without 1

EDTA from the electrophoresis buffdp>0.5). o AL

When normal plasma was kept at°66 for

24,126, 2.5, 1 hour and 30 minutes respectively, o o e S — -

no rockeilike immunoprecipitate was seen,  Figyre 2: The linear regression equation between
which indicated that plasma protein C antigen he peak height andprotein C antigen concentration
could be destroyed at 86 for 30 minutes. After at various dilution of rabbit PC antiserum.

plasma frozen at°@¢ for 1, 3, 6,9, 12, and 17
days, by usingelA assay, protein C antigen level

ISSN: 2456-8058 31 CODEN (USA): UJPRA3



Zhu et al.,

Universal Journal of Pharmaceutical Research 2020; 5(6):29-35

Table 3: Experimental data of plasma PC:Ag determination in patients and normal healthy subjects.

Groups No Mean£SD (u/ml) Range(uW/ml) P
DM 22 1.4238+0.2556 1.0834 1.8434 0.001
PIHS 15 1.2054+0.4930 0.5163 2.2525 0.05
Uremia 10 1.1387+0.2512 0.7787 1.5507 02
Thrombotic diathesis 9 1.1166+0.2699 0.7637 1.6893 0.2
Acute leukemias 20 0.9349+0.3388 0.3971 1.9220 0.05
DIC: APL 3 0.8707 1.0019 1.2445
Infectious diseases 2 0.2328 0.1646

Liver cirrhosis 19 0.5501+0.2536 0.1436 1.0883 0.001
Viral liver cirrhosis 14 0.5068+0.2514 0.1436 0.9291

PC deficiency 1 <0.01

Healthyindividuals 50

1.0578+0.1886

0.6439 1.4752

The results are MeafStandard deviation with significant difference of mean at P<0.05, and show where there is significant (P<0.05) difference in
the DM and liver cirrhosis groups when compared tthg individuals. DM: diabetes mellitus PIHS: Pregnaimgjuced hypertension
syndrome. *including 1 nodular panniculitis and 1 septic shock.

Protein C antigen in distinct diseases
Diabetes Mellitus(DM)
In a group of 22 patients with diabetes melli{iav)
an average value of protein C antigen was 1.4238
pl/ml, which is considerably higher than the average
value in health individuals (1.0578 W/ml). Among 8
DM, the protein C antigen level was over 1.47&2nl.
The increased plasma protein C antigen wasurn
diabetic ketoacidosih=4, 1.5361pl/ml, range 1.3516
1.8434 p/ml), diabetic angiopathy(n=5, 1.4551
Wml, range 1.1888 2.0894 pl/ml), DM without
vascular complication &9, 1.4403 pl/ml, range
1.0834 1.8926 ul/ml) and diabetic ketosis (n=4,
1.2362 pl/ml, range 1.1955 1.2663 w/ml). Plasma
PC:Ag level was positively correld with urine
glucose leve(r=0.9581p<0.001).
PregnancyInduced Hypertension Syndrome(PIHS)
In 15 pregnancynduced hypertension syndrome
(PIHS), 10 severe preeclampsigere observedand a
significant increase gfrotein C antigetfPC:Ag) value
(1.4673p/ml, range 0.7781 2.2525pl/ml), while in 2
moderate PIHS the PC:Adas normal limit range
(0.7787,0.9481pl/ml respectively, another 3 mild
patients with PIHS had decredselasma PC:Ag
level(0.5603ul/ml). Intriguing, repeat PC:Ag level was
recovered to normal value (1.14%@ml) in one mild
patient with PIHS after partum. Plasma protein C
antigen was positively corretd with urine protein
(r=0.9518,p<0.001).
Uremia
In a group of 10 uremia there were no significant
changes of protein C antigen concentration when
compared to normal contro(4.1387 vs 1.0578/ml,
p>0.2)
Thrombotic diathesis
To screening congenital protein C deficiency, we
detected 6 patients with cerebrdhaemorrhagic
infarction and 3 deep venous thrombosigy PC
deficiency was found in this study.
Liver cirrhosis
19 patients with liver cirrhosis included viral liver
cirrhosis 14 cases and other 1 primary biliary cirrhosis,
1 sdistosomal cirrhosis] alcoholic liver cirrhosis and
1 primary hepatocellular carcinoma, respectivdlie
average value of protein C antigaras 0.5501u/ml
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(range:0.1436 0.9293W/ml), which wassignificanty
lower than the average normal contr@s0578u/ml).
Moreover, 13(68.4%) liver cirrhosis the protein C
antigen was below the lower limit of normal control
(range:0.1436 0.6188/ml). 14 patients with viral
liver cirrhosis the protein C antigen was 0.5Q68l.
Three severe liver cirrhosis h#id the lowest value of
protein C antigen 0.14360.1846 and 0.191%/ml
respectively. The PC:Ag level was 1.08&8nl in one
liver cirrhosis complicated with diabetes mellitus.
Plasma PC:Ag level was positivelgorrelated with
serum albumin value(:9680, p<0.05).

Leukemias

In 20 acute leukemiashere was slightly decreased in
protein C antigen levéD.9340 vs 1.0578/ml), but no
statistical difference was found between acute
leukemia and normal controls. When further analysis
of acute leukemia with different cytological subtypes
morphology according to FAB classificatioit, was
shown that there was remarkably decrease of
PC:Ag(0.8879u/ml, p<0.05) in 5FAB M5 subtype.
The dereased PC:Ag level(0.783@8/ml) was also
found in 9 hypefeukocytes acute leukemig®VBC
23.6 280 x109/l). Intriguing, thexr were no significant
decreasan terms of protein C antigeamong3 acute
promyelocytic leukemigAPL) with DIC, whereas 2
patients with infectious DICL nodular panniculitis and
1 septic shock) the average value of protgiantigen
was 0.2328 and 0.1648ml respectively.

Protein C deficiency plasma

1 vial protein C deficient plasma which provided by
RM. Bertina wasised tomeasureghe protein C antigen
< 0.01%.

DISCUSSION

This underlines the need for each laboratory to
construct its own reference values for PC antigen in the
laboratory determination of different methods We

set up successfully the electroimmunoas@ald) of

the protein C antigen with the lallrmethod. Based on
our laboratory conditionthe mean PC:Ag level in 50
healthy individuals was 1.0578+0.1838ml, which
was slightly higher PC antigen levels than that of
Bertina's results.To evaluate the performance and
specificity of PC:Ag assay$',the ICTH subcommittee
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on protein C organized an international collaborative But protein C was elevated in 71% of patients with
study in which 13 lymphilized plasma samples were proteinura,and was inversely correlated with serum

distributed among 17 different laboratories. Three
different types of metods has been used: ELISA's
using polyclonal antprotein C 1gG (n=9), electre
immunoassays (n=10) and other methods (three
laboratories used monoclonal antibodies against protein
C, one laboratory performed a RIA with affinity
purified polyclonal antiboigs against protein C and
one laboratory used an immunoradietric assay of
protein C antigen). Natatistically significant results
were obtained withthese threedifferent methods.
ELISA, RIA and IRMA methods were found to be
more sensitive than the egltrecimmunoassay(EIA).
The mean coefficient of variatiofCV) for protein C
antigen in various plasma was calculated to be 22%,
with CV within laboratory variation 11.7% and
between laboratory variation 17.8%. In thisirrent
study, the mean CV in the wstruction of standard
curve for protein C antigen was 12.45%, with CV
within laboratory 11.47%. The results indicated that the
protein C antigen measurement was specfiectice
and available in clinical usefullhe measurement of
plasma PC:Ag has becemrelevant in clinical
medicine since theimportant demonstration that
hereditary protein C deficiency lmked toa history of
recurrent venous thrombo$isPC isfound to beow in

a number of acquired condition such as wgrithe
postoperative and neonatal period®IC***? liver
diseas€**** and oral anticoagulant treatmeieg.
warfarinf*'"?°. Elevated PC levelgn the other hand,
have been detected in a number of unrelated condition,
siwch as ischemic heart diseasaliabetes, late
pregnancy and in women taking oral contraceptive
with a high estrogen contéfit

Type 2 Diabetes mellitus is characterized by vascular
complication with accelerated micro and macro

albumin concentrations. Demaschelound that PC
functional activity and the antigen level were normal in
30 uremic patients before dialysiBata of current
study are consistent with the previous observation. In
this current studyPC:Ag levels in 19ifferent typef
liver cirrhosis were sigficanty lower than those in
healthy individuals (0.5501 vs 1.05g8ml, p< 0.001).
68.4% of liver cirrhosis had PC:Ag level below the
lower limit of normal controls. Moreoverplasma
PC:Ag level was positively correld with serum
albuminvalues In eafier study, Griffin* reportedthat
eleven of 15 patients with clinically severe liver
disease (9 with positive FDB,with negative FDP) has
decreased plasma protein C levels. Manrfuctilso
found that in 58 chronic liver diseases protein C levels
were lower than 60 healthy subjects, the decreased
degrees roughly proportional to the severity of the
disease. These findings indicated that protein C
deficiencies occur thealysregulation of hepatic PC
synthesisand might play a rolas apredictor index in
liver diseases.

Acute leukemias varied in PC antigen level. this
current studymean PC antigens in 20 acute leukemias
were slightly lowerthan that of the normal individuals.
Among FAB subtypes, the decreased PC:Ag
concentration were found in those with M5 subtype
and hyperleukocytic acute leukemias. Moreovibe
PC:Ag had no lower in a limited 3 patients with APL
complicated by DIC, which suggested the
coagulopathy in APL might be due to mechanisms
different from other forms of DIC such as infectious
disease(eg. septic shocky*’. The results was similar
to previous studies by Griff et al.,** and Rodeghiero

et al.,”. In clinics, two types of hereditary protein C
deficiency can be recogniZe®. In patients with type |

vascular thrombotic disease. A hypercoagulable state is protein C deficiency,the plasma concentration of

appreciated in this diseade. this study,PC:Ag levels

of patients especially in ketoaccidosis and diabetic
angiopathy were significalyt higher than that of the
control group(P<0.001). The results were consistent
with the reports by Vigrd, Takahashf, Saitd”, and
Garcid”. Moreover, evaluation of protein @@ protein

S levels in patients with DM receiving welihanaged
T2DM (type 2 DM) had significantly higheantigen
levels and activity of PC(5.78 vs 4.64l/ml),PS and
ATIIl compared to those that were pooriypanagetf.

The deceased PC antigen was observed in type |
diabetes mellitu$*>. This may reflect the possibility
that diabetic ketoacidosis (or angiopathy) and
hypercoagulate may cause endothelial injushich
lead to elevated levels of thrombomodulin(TM) and
compensatory increase the PC synthesis by
hepatocytesPatients with the nephrotic syndrome and
uremia are at increased risk of developing renal venous
and arterial thromboembolism. In the measurement of
PC:Ag kvels in 10 uremiathere was no significant
difference compared to normal controls. Cdsio
measured the plasma concentration of protein C in 17
patients with severe proteinuria, the results was not
significantly difference b&teen the healthy subjects
and 14 patients with chronic renal insufficien&RlI).
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protein C activity and/or protein C antigen will be
below the lower limit of the normal range,while the
ratio between protein C activity and protein C antigen
is still within the normal range. A type | psith C
deficiency inherits as an autosomal dominant trait. In
type Il protein C deficiencythe patients protein C
antigen will be within the normal rangevhile the
protein C activity and the ratio between protein C
activity and protein C antigen are beltdve lower limit

of the normal range. In both types of protein C
deficiency the plasma concentration of the other
vitamin K dependent coagulation factors should be
within normal range. The presence of 1 vial PC
deficiency plasma which was provided by RMrédea
was the lower than 0.04/ml, and which was consisted
with the criteria of type | severe protein C dedimy""

. In Dutch family, more than 80 patients from 30
unrelated families have beeneittified with a type |
protein C deficiency. Individual protein C values may
vary between 0.30 and 0.76/mi*?%>. Up to now,only
five patients with a type Il protein C deficiency have
been reported. It seems likely the main prevalence of
clinical type | protein C deficiency. Like protein C
deficiency, familial protein S deficiency is also
reported®*®. At present,some case reports and case
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series suggest that protein C concentrates may improve

the outcome in patients with congenital or acquired
protein C deficiency***2. The useof protein C
concentrates in adult septic shtitkis alsotestable.
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