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Abstract

C-reactive protein (CRP) is a long-established marker that belongs to a family of proteins known
as pentraxin. The conserved nature of this protein among the evolution of vertebrate indicates
this protein plays important roles during immunologic responses. In addition, it considered that
CRP can act as a unique acute phase protein that having a direct activity on complementary
system to removal of pathogens. The production of CRP in liver occurs mainly in responding to
activation of interleukin- 6 (IL-6), and there is a good association has been found between the
level of IL-6 and CRP. The normal human CRP concentration ranged 0.8 mg / 1 and is <10 mg /
L in normal state, and concentrations larger than this value is consider as abnormal indicating an
existence of infection. Also, many conditions can change the concentrations of CRP involved
tissue necrosis, burns, trauma, surgery, inflammatory diseases that mediated immunologically,
cancer and crystal-induced inflammatory diseases. There are 2 conformational isoforms of CRP
including pentameric (pCRPs) and monomeric (mCRP) which having variable biological and
antigenic electrophoretic properties. pCRP is a permanent form found in sera and is appeared as
a very stable molecule, but the current evidences suggested that this form can be dissociated to
MCRP in both in vivo and in vitro. The high expression of mMCRP have demonstrated in diabetic
plaque lesion concerning to the extensive systemic inflammations. Site for binding of CRP to
phosphatidylcholine locates on lateral surface and requires binding for 2 Ca ions at a particular
hydrophilic pockets called the Ca-dependent ligand binding. Recent reports have shown the
ability of CRP to bind to LOX-1 receptor to induce the modification vascular responses to

vasodilator, infiltration of leukocyte and activation of complement system.
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1. Physiology of C-reactive protein

C-reactive protein (CRP) is a long-established marker, which identified in 1930 by Tillet and
Francis in serum samples of patients with pneumonia, and is named due to its capacity (C) for
precipitating the fractions of polysaccharides (PSs) from Streptococcus pneumoniae. However,
this ability is rapidly disappearing as the patient cured and not detected in healthy individuals.
Since this recognized as protein, the name become CRP (Liu et al., 2014; Koenig, 2017; Swede
and Braithwaite, 2017). Acute phase is applied to classify the patients having serum samples
positive to CRP, and many other acutely ill individuals have been described with acute phase
(Khanna et al., 2013; Chen et al., 2020). The CRP is belong to a family of proteins known as
pentraxin that named due to its ability for formation of a cyclic pentamer contains 5 similar non-
glycosylated subunits, non-covalently bounds as well as organization in a very stable structure
that resemble to discoid (Ristagno et al., 2019; Baumert et al., 2021). The weight of each
monomer is 23027 DA and has a very resistant protein to lysis; whereas, the other members of
this family are known as amyloid P components (Cardoso and Leal, 2020). The conserved
nature of this protein among the evolution of vertebrate indicates this protein plays important
roles during immunologic responses (Macédo Santiago et al., 2018). In the presence of calcium
(Ca), CRP binding to polysaccharides (PSs) of bacteria, fungi and parasites forming a complex
that activates classical complement pathway (CCP) to promote for opsonization and phagocytic
process (LaFon et al., 2020; Williams et al., 2020). In addition, it considered that CRP can act
as a unique acute phase protein that having a direct activity on complementary system to removal
of pathogens (Pathak and Agrawal, 2019). Through activation of neutrophils, CRP having the
ability to stimulation cell-mediated cytotoxicity and promotes for degranulation of platelets with
enhances the activity of Natural Killer cells (NKCs) (Busch et al., 2020). Under normal
physiological status, CRP linked to ribonucleoproteins suggests that it acts directly in removing
of necrotic tissues (Fathi et al., 2018).

Recently, many studies demonstrated that CRP could potentially play significant roles in
elimination of bacteria. In one study in transgenic mice, it showed that the great level of human
CRP produced in responding to endotoxin were act partially in protection from the lethal
infections by S. pneumonia suggesting that this activity might be associated with the ability of
CRP for binding to phosphocoline moieties found in G-PSs of S. pneumonia cell wall. Also, it
observed that the transgenic mice were expressed an elevated level of resistance against the
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lethal action of Salmonella typhimurium (Morrison et al., 2017). The normal human CRP
concentration ranged 0.8 mg / 1 and is <10 mg / L in normal state. Concentrations larger than
this value consider abnormal and indicate that there is an infection (Lee et al., 2017). The
production of CRP in liver occurs mainly in responding to activation of interleukin- 6 (IL-6), and
there is a good association has been found between the level of IL-6 and CRP (Figure 1)
(Czajkowski, 2015; Foroughi et al., 2016).
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Figure (1): CRP synthesis, regulation and functions (Czajkowski, 2015)

Tumor necrosis factor-alpha (TNF-o) and IL-1p are regulatory markers mediated in synthesizing
of CRP that begun to secret throughout 4-6 hours post-stimulation and doubled at each 8 hours
intervals to reach to the peak after 36-50 hours (Zhang et al., 2021). With continuous of
intensive stimulation, the level of CRP increased greatly to reach more than 500 mg/L or even
1000 mg/L (Aray et al., 2016; Mac Giollabhui et al., 2020). As the average half-life of CRP is
1 9 hours, it disappeared rapidly after stopping of stimulation (Yamamoto et al., 2021). If the
main reason continues, CRP can be maintained for a long period; with the exception of extensive
hepatic failure, in which, CRP increases continue because the existence of inflammatory
processes, and the concentration of CRP still depending mainly upon the severity of stimulation
and upon the rates of CRP synthesizing (Andreés et al., 2020). The level of CRP is independent
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of the initial pathology and does not change by therapeutics or medical interventions (Melnikov
et al., 2020). Nonetheless, CRP level could be modified when the inflammatory processes that
cause acutely phase reactions are treated (Del Giudice and Gangestad, 2018).

The elevated concentration of the serum CRP can observe mostly in an invasive infection
(Paydar-Darian et al., 2019). In fungal, bacterial and even immunodeficient patients, there is
severe significant elevation in concentration of serum CRP. On the other hand, CRP
concentration tends for reducing of almost viral diseases because uncomplicated influenza,
mumps, measles and adenovirus can rarely cause elevated CRP concentrations (Sigall Boneh et
al., 2017; Tjendra et al., 2020). Systemic Herpes simplex and Cytomegalovirus infections could
induces an apparently alteration in concentrations of CRP (Noronha et al., 2021). In parasite
infection, there are limited information about the behavior of CCP since some parasites as
Toxoplasma and Plasmodium having the ability to causing a remarkable elevation in
concentrations of CRP (Miao et al., 2020). In chronic diseases like leprosy and tuberculosis,
abnormally moderate elevation in concentration of CPC was reported (van Hooij et al., 2018).
In addition to infections, many conditions can change the concentrations of CRP involved tissue
necrosis, burns, trauma, surgery, inflammatory diseases that mediated immunologically, cancer
and crystal-induced inflammatory diseases (Klein et al., 2020). Other clinical cases like heat
stroke, exercise and even some psychological diseases are related to some PCR changes. In the
presence of serious illnesses, there is often a group of disease processes related to the expansion
and / or loss of tissues related to normal or slightly high PCR (Rasmussen et al., 2017; Naudé et
al., 2018). For unknown causes, there is a group of diseases, which unable to elevate CRP in
acute phase responses, but when the patient responding to an illness, CRP will elevate, and can
be followed for identification of disease or a condition that can flare-up of the underlying
infection processes (Lee et al., 2017; Giavri et al., 2021).

2. CRP from pentameric to monomeric

It has been adopted that 2 conformational isoforms of CRP could be existed including
pentameric (pCRPs) and monomeric (MCRP) which having variable biological and antigenic
electrophoretic properties. pCRP is a permanent form found in sera and is appeared as a very
stable molecule, but the current evidences were suggested that this form can be dissociated to
MCRP in both in vivo and in vitro (McFadyen et al., 2018; Yao et al., 2019). There are 2

important mechanisms can be added to mCRP as following:
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(1) Local expression: Many reports were detected the existence of mCRP in different extracted
agencies involving inflammatory cells within plagues, smooth muscles and adipocytes
(Kochumon et al., 2019). However, the mechanism of subunit synthesizing and it assembly to
pCRP remains unknown (Sproston and Ashworth, 2018). Recently, in vitro reports have
confirmed the local expressions and identification of mMRNA in macrophage of plaque lesion
(Kaplan et al., 2018). Additionally, highly expressions of the mCRP have demonstrated in
diabetic plague lesion concerning to the higher systemic inflammations (Badimon et al., 2018).
(2) Local dissociation of pCRP to mCRP was seen in membrane of apoptotic cell, and activates
the platelet in plaque lesions to represent a great interface between atherogenesis, thrombosis as
well as adaptive and innate immunity (Ullah et al., 2020). In cell membrane of activated platelet,
phosphatidylcholin molecule appears with a great importance in this process, because
phosphatidylcholin is capable to binding to circulated pCRP and induction its dissociation (Trial
et al., 2016). In first step, hybrid intermediate molecules known as mCRPm are constituted to
exhibit the CRP antigenicity to be retrain to native pCRP (Mahmood, 2019). Structure showing
CRP antibody MCRPM that linked to increasing of assistance and mCRPm is quickly separated
from the cell membranes and finally dissociated into mCRP that correlated to more powerful
characteristics. However, mCRP is rarely existed in circulation through the commonly quantify
techniques (Li et al., 2018; Pathak et al., 2020). The new technologies as RNA aptamers and
employment of monoclonal antibody for mCRP were allowed to identification of nanomolar
concentration of mCRP that represent a great importance method for additional understanding of
MCRP effect in future studies (Wang et al., 2017).

3. Ligand and receptor

Phosphatidylcholine remains as one of the most importantly ligand of CRP in which,
phospholipids undergoes an expression in apoptotic and necrotic eukaryotic cells, bacteria, fungi
as well as in modified and native lipoprotein (Al-Mekhlafi et al., 2021). Site for binding of CRP
to phosphatidylcholine locates on lateral surface and requires binding for 2 Ca ions at a particular
hydrophilic pockets called the Ca-dependent ligand binding (Williams et al., 2020). Then, CRP
is capable for interacting to other autologous ligands such as small ribonuclear protein,
chromatin, histones, plasma lipoproteins and somatic membranes and cell walls of bacteria, fungi
and parasites (Pepys, 2018; Mouneshkumar et al., 2021). Although, specific amino acids
implicated in CRP ligands remains unknown, conformational modification of CRP can be
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triggered due to exposure to acidic environment that at the inflammatory site to reveal in 2
additional binding sites in CRP (Bircheneder and Dresselhaus, 2016). Also, pCRP could be
bound to CFHR4 protein and phosphocholine till be dissociated to mCRP (Pouw et al., 2018).
Releasing of individual subunit can permit the exposing of hidden epitopes that having a
different antigenically characteristics that having the ability for activation of complement system,
lipoprotein, monocyte and platelets (Trofimenko, 2017). Concerning CRP receptors, 1gG
antibodies can recognize them in addition to FcyR that expressed by several cells such as
myeloid and lymphoid lineages, leukocytes, platelet, mast cell and macrophage (Temming et al.,
2021). Depending on the effect of the immunoglobulin receptor, the FcyR classified to high
affinity CD64 as low affinity CD64, and to additionally a, b, and ¢ subgroups FcyR by encoding
genes (Yang et al., 2016). Mechanism of signal transduction to each receptor is depending upon
inhibition motifs (ITIM) or activation motifs (ITAM), (Pang et al., 2017). FcyR is the only
receptor that containing an ITIM that allowing for negative modulation of signal cascade (Coxon
et al., 2017). The pCRP can be linked particularly to FcyRI and FcyRlla in macrophages and
platelet (Figure 1) (Moran, 2019); whereas, mCRP could linked to FcyRIIIl that expressed
initially by endothelial cells and platelet (Seow, 2021).
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Figure (1): CRP ligands (Marnell et al., 2005)
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Recent reports have shown the ability of CRP to bind to LOX-1 receptor to induce the
modification vascular responses to vasodilator, infiltration of leukocyte and activation of
complement system (Akhmedov et al., 2022; Ghanbariha et al., 2022). This link can share
oxidized LDL and CRP pathways in endothelial dysfunctions and secretion of soluble LOX-1 in
activated macrophage with those derived from mononuclear cell (Ghazi-Khanloosani et al.,
2019). Based on these data, LOX-1 can possibly be used clinically as prognostic tool in acutely
patients with coronary syndrome as well as in active pharmacological target due to decreasing of
vascular toxicity as a result of linking of CRP to LOX-1 (Marnell et al., 2005; Akhmedov et
al., 2021).

4. Pathophysiological roles

4.1. Atherosclerosis

Mechanisms for activation of inflammation cold play important roles among different stages of
atherosclerosis since early recruitment of leukocyte until the unstable plaque clearance (Swastini
et al., 2019). Throughout many inflammatory biomarkers, CRP in most studies has confirmed an
independent risk factor in cardiovascular disease, as it inhibits processes such as complement
system activation, apoptosis, and apoptosis (Boncler et al., 2019). CRP having an intermediate
effect as ii associated with hardening of the arteries, formation of thrombosis, accumulation of
lipid, recruitment of monocytes and activation of vascular cells (Sandrini et al., 2020). Two
isotopes can involve at this process; pCRP that induces phosphatidylcholine-related
inflammatory process on apoptotic cell surfaces and outside of LDL, and mCRP that allows
platelets for regulation of platelet functions (Philpot and Bhandari, 2019).

4.2. Complementary system

This system includes a group of bioregulators and enzymes in addition to many biological
markers that play important roles in acquired and innate immunities (Figure 2), (Haapasalo and
Meri, 2019). True activation is necessary to defending against organisms with removing of
necrotic and apoptotic cells (Du et al., 2018). However, extensive or insufficient activities may
be contributed for pathogenic processes to a number of chronic infections like atherosclerosis
(Solomon et al., 2016). Both isoforms of CRP; pCRP and mCRP, are having a capability for
interacting to C1q, thereby activation of classical pathway (Jia et al., 2021). In recently carried

out studies in atherosclerotic plaques, the findings were reported an elevation in concentration of

http://annalsofrscb.ro 1966



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

CRP, mRNA, Clq, C3, and C4 (Sproston and Ashworth, 2018; Sasaki et al., 2022), proposing
that CRP might be involved in the classical pathway of memory complex formation aggressive
(Tang et al., 2020; Sasaki et al., 2022). In addition, activation of this pathway increases the
secretion and synthesizing of monocyte chemotactic protein (MCP-1) and IL-8, and stimulates a
proliferation of arterial smooth muscle cells. These activities might be contributed for
establishing and developing of atherosclerosis (Barre et al., 2018; Savas et al., 2020). CRP is
also involved in activating of nuclear factor kappa B (NF-«B), a transcription factor existed in
rapidly responding cell that is participated in responding to immunity and inflammation,
cytokines, chemokines, molecules and growth promoters (Xu et al., 2019).
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Figure (2): Regulation of the complement system by CRP (Haapasalo and Meri, 2019)

CRP also provides the binding sites for the mCRP isoform, which shows affinity for a member
of factors H protein family that independently bind calcium (Jozsi et al., 2019). In contrast,
CFHR4 could be linked for pCRP throughout the Ca-dependent pathway (Sitepu and Harahap,
2020). This protein acts as a soluble negative regulator of the complement system by promoting
for CRP recruiting to necrotic cell surfaces (Sproston and Ashworth, 2018). Excessive activity
in this pathway increases circulating concentrations of C3a and C5a, potentially anaphylatoxin
responding to local inflammation (Li et al., 2018). In vitro, information demonstrated that CR3
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and CRb5a could express to promote for attraction of monocyte, mast cell and lymphocyte
chemotaxis and allowing for adhesion of endothelial molecules, response and production of IL- 1

and TNF in coronary atherosclerotic plaques (Bhaskar et al., 2016).

4.3. Interaction with cellular receptor

Family of FcyR contains a key that targets of CRP expression on many immune system cells that
act as a regulatory factor for the processes of local inflammation like atherosclerotic plaque that
regulate cytokine activation, proliferation, phagocytosis, degradation and secretion (Newling et
al., 2019). Both pCRP and mCRP have the ability for binding with FcyRI, FcyRIIA, and
FcRIIIl, thereby enhancing structures that receiving cascades of intracellular signaling via
ITAM (Bircheneder and Dresselhaus, 2016). Typically, these cataracts are caused by the
progressive activation of the Src family of protein tyrosine kinases (PKTs), which
phosphorylated residues of tyrosine in ITAM, and then, activating of KTs (Xu et al., 2018).
These activities act for recruiting of several signaling molecules such as mitogen-activated
protein kinase (MAPK), extracellular signal-controlled kinase (ERK), protein kinase C (PKC)
and other kinases like hypooxides kinase (PI3K), intracellular adaptation molecules, and
phospholipase C (PLC) in addition to other messengers like inositol 3-phosphate (PI13),
diacylglycerol (DAG) and Ca (Jamilian et al., 2017; Wang et al., 2019; lzquierdo et al.,
2020). Recently obtained evidences suggested that CRP initiates SHIP-1 phosphatase-activation
in endothelial cells when it binds for FcyRIIb receptors that contains an intracellular ITIM-

inhibitory region and is inactivated (Dai et al., 2016; Coxon et al., 2017).

4.4. Invasion, regulation and activation of immune cells

Recently studies have been suggested that PCRP directly regulate the activation of endothelial
cells and dysfunctions through initiating an expression of intracellular hematopoietic proteins
(MCPs), vascular E-selectin and intracellular adhesion molecules (Bruserud et al., 2022). In
addition, CRP can induce the differentiation of human monocytes into the pro-inflammatory M1
phenotype and alter the cytokine secretion pattern of macrophages into the pro-inflammatory
phenotype through Fc and NF-B receptor pathways (Mirzavandi et al., 2020). As well as, the in
vitro information revealed that higher concentrations of CRP are associated with decreased
synthesis of prostaglandin F1, a prostaglandin stabilizer involved in more importantly endothelial
functions like cell proliferation of smooth muscles, platelet aggregation and vasodilation (Fang

http://annalsofrscb.ro 1968



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

et al., 2016). Also, CRP can act to overexpression of angiotensin receptor type 1 (ATR-1) by the
NF-B and MAPK pathways to promote smooth muscle cell proliferation, remodeling, and
migration from atherosclerotic lesions (Jain et al., 2016). Moreover, pCRP and mCRP can act
significant differentiation activities through regulation the proliferation of endothelial progenitor
cells (EPCs). Although pCRP promotes the proliferation of EPC with mainly induction the
expression of non-inflammatory genes in these cells, mMCRP induces the upregulation of pro-
inflammatory genes in response without affecting the rate of EPC proliferation (Ambasta et al.,
2017; Pogue et al., 2017). Finally, the downregulation of PCRP in mCRP could consider a
"switch” to accumulation of inflammatory process associated with atherosclerotic plaques the
formation (Rocha et al., 2017; Melnikov et al., 2020). Plaques could result in situ accumulation
of mCRP, which promotes plaque growth through all the mechanisms described above (Figure
2) (Enocsson et al., 2021).
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Figure (2): Immunoregulatory effects of pCRP and mCRP (Enocsson et al., 2021)

5. Evaluation of the C-reactive protein assay
5.1. Diagnosis of sepsis
Value of single CRP detection in the diagnosis was studied extensively in a variety of clinical

conditions. In two recently published studies of critically ill patients, the best cross-sectional area
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for sepsis detection was 50 mg/L. However, both studies depended on the daily measurement of
CRP and comparisons were carried out sequentially using many methods. The most specific
level of CRP has not yet been identified and may vary between different infections (Pradhan et
al., 2016; van Oers et al., 2020).

5.2. The severity of the disease

The sole identification of CRP concentrations represents the rate of synthesis that depended upon
intensity of inflammatory attacks (Potempa et al., 2020). Recently, many reports referred to that
the concentrations of CRP in patients with sepsis can be categorized based on existence of
ACCP/SCCM (Tominaga et al., 2016; Wu et al., 2017; Ristovska et al., 2019). However,
average in patients with systemic inflammatory response syndrome (SIRS) can be classified as
70 mg/l, sepsis 98 mg/l, severe sepsis 145 mg/l and septic shock 173 mg/l, according to severity
of inflammation (Tessema et al., 2020). It is reflected to varying degrees. Others have found
similar results. In addition to its application in detection of sepsis level, CRP can be used as a
prognostic indicator. The mean CRP concentration of the survivors was 70 mg/L, which was
significantly greater than that of the survivors (18 mg/L) (Zhao et al., 2020). The increase in
CRP during hospitalization was much greater in those who did not survive. Recently, the
findings of researcher designated for assessment the outcomes by multiple markers of post-
insertion inflammatory process, CRP act very well in the region under the 0.811 ROC curve (Liu
et al., 2020; Yang et al., 2022).

References

1. Akhmedov, A., Crucet, M., Simic, B., Kraler, S., Bonetti, N. R., Ospelt, C., and Luscher, T.
F. (2022). TNFa induces endothelial dysfunction in rheumatoid arthritis via LOX-1 and
arginase 2: reversal by monoclonal TNFa antibodies. Cardiovascular Research, 118(1),
254-266.

2. Akhmedov, A., Sawamura, T., Chen, C. H., Kraler, S., Vdovenko, D., and Luscher, T. F.
(2021). Lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1): a crucial driver of
atherosclerotic cardiovascular disease. European heart journal, 42(18), 1797-1807.

3. Al-Mekhlafi, A., Suhs, K. W., Schuchardt, S., Kuhn, M., Miller-Vahl, K., Trebst, C., and
Pessler, F. (2021). Elevated free phosphatidylcholine levels in cerebrospinal fluid
distinguish bacterial from viral CNS infections. Cells, 10(5), 1115.

4. Ambasta, R. K., Kohli, H., and Kumar, P. (2017). Multiple therapeutic effect of endothelial
progenitor cell regulated by drugs in diabetes and diabetes related disorder. Journal of
Translational Medicine, 15(1), 1-17.

http://annalsofrscb.ro 1970



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

http://annalsofrscb.ro

Andrés, C., Andaluz-Ojeda, D., Cicuendez, R., Nogales, L., Martin, S., Martin-Fernandez,
M., and Bermejo-Martin, J. F. (2020). MR-proADM to detect specific types of organ failure
in infection. European journal of clinical investigation, 50(6), e13246.

Aray, A., Chiavaioli, F., Arjmand, M., Trono, C., Tombelli, S., Giannetti, A., and Baldini, F.
(2016). SPR-based plastic optical fibre biosensor for the detection of C-reactive protein in
serum. Journal of biophotonics, 9(10), 1077-1084.

Badimon, L., Pefia, E., Arderiu, G., Padrd, T., Slevin, M., Vilahur, G., and Chiva-Blanch, G.
(2018). C-reactive protein in atherothrombosis and angiogenesis. Frontiers in immunology,
9, 430.

Barre, M., Behnes, M., Hamed, S., Pauly, D., Lepiorz, D., Lang, S., and Hoffmann, U.
(2018). Revisiting the prognostic value of monocyte chemotactic protein 1 and interleukin-6
in the sepsis-3 era. Journal of critical care, 43, 21-28.

Baumert, M., Surmiak, P., Szymkowiak, M., and Janosz, A. (2021). The assessment of
Pentraxin 3: A novel biomarker in early detection of infection in newborns. BioMed
Research International, 2021.

Bhaskar, S., Sudhakaran, P. R., and Helen, A. (2016). Quercetin attenuates atherosclerotic
inflammation and adhesion molecule expression by modulating TLR-NF-«kB signaling
pathway. Cellular immunology, 310, 131-140.

Bircheneder, S., and Dresselhaus, T. (2016). Why cellular communication during plant
reproduction is particularly mediated by CRP signalling. Journal of Experimental Botany,
67(16), 4849-4861.

Boncler, M., Wu, Y., and Watala, C. (2019). The multiple faces of C-reactive protein—
physiological and pathophysiological implications in cardiovascular disease. Molecules,
24(11), 2062.

Bruserud, @., Vo, A. K., and Rekvam, H. (2022). Hematopoiesis, Inflammation and
Aging—The Biological Background and Clinical Impact of Anemia and Increased C-
Reactive Protein Levels on Elderly Individuals. Journal of Clinical Medicine, 11(3), 706.
Busch, M. H., Timmermans, S. A., Nagy, M., Visser, M., Huckriede, J., Aendekerk, J. P.,
and Van Paassen, P. (2020). Neutrophils and contact activation of coagulation as potential
drivers of COVID-19. Circulation, 142(18), 1787-1790.

Cardoso, I. L., and Leal, F. (2020). C-Reactive Protein and Neurodegenerative Diseases. In
Clinical Significance of C-reactive Protein (pp. 35-57). Springer, Singapore.

Chen, W., Zheng, K. I, Liu, S., Yan, Z., Xu, C., and Qiao, Z. (2020). Plasma CRP level is
positively associated with the severity of COVID-19. Annals of clinical microbiology and
antimicrobials, 19(1), 1-7.

Coxon, C. H., Geer, M. J., and Senis, Y. A. (2017). ITIM receptors: more than just
inhibitors of platelet activation. Blood, The Journal of the American Society of Hematology,
129(26), 3407-3418.

Czajkowski, S.  (2015). Associations of circulating second  messenger
glycerophosphatidylcholines with cardiovascular disease risk factors in adolescents
(Doctoral dissertation, University of Toronto (Canada)).

Dai, B., Wu, P., Xue, F.,, Yang, R., Yu, Z., Dai, K., and Gao, C. (2016). Integrin-oallbp3-
mediated outside-in signalling activates a negative feedback pathway to suppress platelet
activation. Thrombosis and haemostasis, 116(11), 918-930.

1971



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

http://annalsofrscb.ro

Del Giudice, M., and Gangestad, S. W. (2018). Rethinking IL-6 and CRP: Why they are
more than inflammatory biomarkers, and why it matters. Brain, behavior, and immunity, 70,
61-75.

Du, J., Hu, W,, Yang, C., Wang, Y., Wang, X., and Yang, P. (2018). C-reactive protein is
associated with the development of tongue squamous cell carcinoma. Acta Biochimica et
Biophysica Sinica, 50(3), 238-245.

Enocsson, H., Karlsson, J., Li, H. Y., Wu, Y., Kushner, I., Wettero, J., and Sjowall, C.
(2021). The Complex Role of C-Reactive Protein in Systemic Lupus Erythematosus.
Journal of Clinical Medicine, 10(24), 5837.

Fang, L., Liu, J., and Zhu, F. B. (2016). Effect of Xinfeng Capsule on Related Factors of
Thrombus Formation and Inflammatory Cytokines in Active Ankylosing Spondylitis
Patients. Zhongguo Zhong xi yi jie he za zhi Zhongguo Zhongxiyi Jiehe Zazhi= Chinese
Journal of Integrated Traditional and Western Medicine, 36(10), 1202-1207.

Fathi, N., Goma, S. H., Ismail, N. M., Ghandour, A. M., Youssef, S. S., Mohammed, N. A.,
and Mosad, E. (2018). Expression of anti-heterogenous nuclear ribonucleoprotein (anti-
hnRNP) in limited systemic sclerosis patients: Relation to radiographic findings of the hand.
The Egyptian Rheumatologist, 40(1), 45-49.

Foroughi, M., Maghsoudi, Z., Khayyatzadeh, S., Ghiasvand, R., Askari, G., and Iraj, B.
(2016). Relationship between non-alcoholic fatty liver disease and inflammation in patients
with non-alcoholic fatty liver. Advanced Biomedical Research, 5.

Ghanbariha, G., Dabiri, R., MirmohammadKhani, M., Habibzadeh, M., Semnani, V., and
Pakdel, A. (2022). The effect of Helicobacter pylori on the gastric expression of LOX-1 and
CD-36: the role of CRP and ox-LDL.

Ghazi-Khanloosani, M., Bandegi, A. R., Kokhaei, P., Barati, M., and Pakdel, A. (2019).
CRP and LOX-1: a mechanism for increasing the tumorigenic potential of colorectal cancer
carcinoma cell line. Pathology and Oncology Research, 25(4), 1467-1475.

Giavri, E., Banerjee, S., Papadaki, 1., Smith, B., and Bowman, S. (2021). P07 Rheumatoid
arthritis, joint pain with raised CRP: more than a flare. Rheumatology Advances in Practice,
5(Supplement_1), rkab068-006.

Haapasalo, K., and Meri, S. (2019). Regulation of the complement system by pentraxins.
Frontiers in immunology, 1750.

Izquierdo, 1., Barrachina, M. N., Hermida-Nogueira, L., Casas, V., Moran, L. A., Lacerenza,
S., and Garcia, A. (2020). A comprehensive tyrosine phosphoproteomic analysis reveals
novel components of the platelet CLEC-2 signaling cascade. Thrombosis and Haemostasis,
120(02), 262-276.

Jain, S., Tulsulkar, J., Rana, A., Kumar, A., and Shah, Z. A. (2016). Transgenic mice
overexpressing human angiotensin | receptor gene are susceptible to stroke injury.
Molecular neurobiology, 53(3), 1533-1539.

Jamilian, M., Farhat, P., Foroozanfard, F., Afshar Ebrahimi, F., Aghadavod, E., Bahmani,
F., and Asemi, Z. (2017). Comparison of myo-inositol and metformin on clinical, metabolic
and genetic parameters in polycystic ovary syndrome: a randomized controlled clinical trial.
Clinical Endocrinology, 87(2), 194-200.

Jia, Y., Wen, W.,, Yang, Y., Huang, M., Ning, Y., Jiao, X., and Zhang, M. (2021). The
clinical role of combined serum Clg and hsCRP in predicting coronary artery disease.
Clinical Biochemistry, 93, 50-58.

1972



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

http://annalsofrscb.ro

Jozsi, M., Schneider, A. E., Karpati, E., and Sandor, N. (2019, January). Complement factor
H family proteins in their non-canonical role as modulators of cellular functions. In
Seminars in Cell and Developmental Biology (Vol. 85, pp. 122-131). Academic Press.
Kaplan, M., Shur, A., and Tendler, Y. (2018). M1 macrophages but not M2 macrophages
are characterized by upregulation of CRP expression via activation of NF«B: a possible role
for ox-LDL in macrophage polarization. Inflammation, 41(4), 1477-1487.

Khanna, A. K., Meher, S., Prakash, S., Tiwary, S. K., Singh, U., Srivastava, A., and Dixit,
V. K. (2013). Comparison of Ranson, Glasgow, MOSS, SIRS, BISAP, APACHE-II, CTSI
Scores, IL-6, CRP, and procalcitonin in predicting severity, organ failure, pancreatic
necrosis, and mortality in acute pancreatitis. Hpb Surgery, 2013.

Klein, H. J., Buehler, P. K., Niggemann, P., Rittirsch, D., Schweizer, R., Waldner, M., and
Plock, J. A. (2020). Expression of pancreatic stone protein is unaffected by trauma and
subsequent surgery in burn patients. World Journal of Surgery, 44(9), 3000-30009.
Kochumon, S., Al-Rashed, F., Abu-Farha, M., Devarajan, S., Tuomilehto, J., and Ahmad, R.
(2019). Adipose tissue expression of CCL19 chemokine is positively associated with insulin
resistance. Diabetes/metabolism research and reviews, 35(2), e3087.

Koenig, W. (2017). C-reactive protein and cardiovascular risk: will the controversy end
after CANTOS?. Clinical Chemistry, 63(12), 1897-1898.

LaFon, D. C., Thiel, S., Kim, Y. I, Dransfield, M. T., and Nahm, M. H. (2020). Classical
and lectin complement pathways and markers of inflammation for investigation of
susceptibility to infections among healthy older adults. Immunity and Ageing, 17(1), 1-9.
Lee, J., Yoon, K., Ryu, S., Chang, Y., and Kim, H. R. (2017). High-normal levels of hs-CRP
predict the development of non-alcoholic fatty liver in healthy men. PLoS One, 12(2),
e0172666.

Lee, K. E., Choi, S. E., Xu, H., Kang, J. H., Park, D. J., and Lee, S. S. (2017). HAQ score is
an independent predictor of sustained remission in patients with rheumatoid arthritis.
Rheumatology international, 37(12), 2027-2034.

Li, H., Sun, K., Zhao, R., Hu, J., Hao, Z., Wang, F., and Zhang, Y. (2018). Inflammatory
biomarkers of coronary heart disease. Front Biosci (Schol Ed), 10(1), 185-96.

Li, S. L., Feng, J. R., Zhou, H. H., Zhang, C. M., Lv, G. B., Tan, Y. B., and Wang, M. Y.
(2018). Acidic pH promotes oxidation-induced dissociation of C-reactive protein. Molecular
immunology, 104, 47-53.

Liu, S., Ji, W., Lu, J., Tang, X., Guo, Y., Ji, M., and Zhou, W. (2020). Discovery of
potential serum protein biomarkers in ankylosing spondylitis using tandem mass tag-based
quantitative proteomics. Journal of Proteome Research, 19(2), 864-872.

Liu, Z. Q., Chu, L., Fang, J. M., Zhang, X., Zhao, H. X., Chen, Y. J., and Xu, Q. (2014).
Prognostic role of C-reactive protein in prostate cancer: a systematic review and meta-
analysis. Asian journal of andrology, 16(3), 467.

Mac Giollabhui, N., Ellman, L. M., Coe, C. L., Byrne, M. L., Abramson, L. Y., and Alloy,
L. B. (2020). To exclude or not to exclude: Considerations and recommendations for C-
reactive protein values higher than 10 mg/L. Brain, behavior, and immunity, 87, 898.
Macédo Santiago, L. A., Neto, L. G. L., Borges Pereira, G., Leite, R. D., Mostarda, C. T., de
Oliveira Brito Monzani, J., and Navarro, F. (2018). Effects of resistance training on
immunoinflammatory response, TNF-alpha gene expression, and body composition in
elderly women. Journal of aging research, 2018.

1973



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

49,

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

http://annalsofrscb.ro

Mahmood, S. M. (2019). Investigation of modified forms of serum C-reactive protein in
diabetes mellitus (Doctoral dissertation, Keele University).

Marnell, L., Mold, C., and Du Clos, T. W. (2005). C-reactive protein: ligands, receptors and
role in inflammation. Clinical immunology, 117(2), 104-111.

McFadyen, J. D., Kiefer, J., Braig, D., Loseff-Silver, J., Potempa, L. A., Eisenhardt, S. U.,
and Peter, K. (2018). Dissociation of C-reactive protein localizes and amplifies
inflammation: evidence for a direct biological role of C-reactive protein and its
conformational changes. Frontiers in immunology, 9, 1351.

Melnikov, I. S., Kozlov, S. G., Saburova, O. S., Avtaeva, Y. N., Prokofieva, L. V., and
Gabbasov, Z. A. (2020). Current position on the role of monomeric C-reactive protein in
vascular pathology and atherothrombosis. Current pharmaceutical design, 26(1), 37-43.
Miao, R., Zhu, Y., Wang, Z., Luo, S., and Wan, C. (2020). Distinguishment of parasite-
infected children from pediatric inpatients with both eosinophilia and effusion. Medicine,
99(14).

Mirzavandi, F., Talenezhad, N., Razmpoosh, E., Nadjarzadeh, A., and Mozaffari-Khosravi,
H. (2020). The effect of intramuscular megadose of vitamin D injections on E-selectin, CRP
and biochemical parameters in vitamin D-deficient patients with type-2 diabetes mellitus: A
randomized controlled trial. Complementary Therapies in Medicine, 49, 102346.

Moran, J. A. (2019). Investigation of serum monomeric C-reactive protein and associated
auto-antibodies in rheumatoid arthritis (Doctoral dissertation, Keele University).

Morrison, M. C., Yakala, G. K., Liang, W., Wielinga, P. Y., Salic, K., van Koppen, A., and
Kooistra, T. (2017). Protective effect of rosiglitazone on kidney function in high-fat
challenged human-CRP transgenic mice: a possible role for adiponectin and miR-217?.
Scientific Reports, 7(1), 1-10.

Mouneshkumar, C. D., Gulati, S., Jha, A., Khangembam, M., Gupta, S., and Gupta, P.
(2021). C-reactive protein levels: A prognostic marker for patients with head-and-neck
cancer. Indian Journal of Dental Sciences, 13(3), 164.

Naudé, P. J., Roest, A. M., Stein, D. J., de Jonge, P., and Doornbos, B. (2018). Anxiety
disorders and CRP in a population cohort study with 54,326 participants: The LifeLines
study. The World Journal of Biological Psychiatry, 19(6), 461-470.

Newling, M., Sritharan, L., van der Ham, A. J., Hoepel, W., Fiechter, R. H., de Boer, L., and
den Dunnen, J. (2019). C-reactive protein promotes inflammation through FcyR-induced
glycolytic reprogramming of human macrophages. The Journal of Immunology, 203(1),
225-235.

Noronha, B. P., de Melo Mambrini, J. V., Torres, K. C. L., Martins-Filho, O. A., Teixeira-
Carvalho, A., Lima-Costa, M. F., and Peixoto, S. V. (2021). Cytomegalovirus and herpes
simplex type 1 infections and immunological profile of community-dwelling older adults.
Experimental Gerontology, 149, 111337.

Pang, X., Si, J., Xu, S., Li, Y., and Liu, J. (2017). Simvastatin inhibits homocysteine-
induced CRP generation via interfering with the ROS-p38/ERK1/2 signal pathway in rat
vascular smooth muscle cells. Vascular Pharmacology, 88, 42-47.

Pathak, A., and Agrawal, A. (2019). Evolution of C-reactive protein. Frontiers in
immunology, 10, 943.

Pathak, A., Singh, S. K., Thewke, D. P., and Agrawal, A. (2020). Conformationally altered
C-reactive protein capable of binding to atherogenic lipoproteins reduces atherosclerosis.
Frontiers in Immunology, 1780.

1974



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

http://annalsofrscb.ro

Paydar-Darian, N., Kimia, A. A., Monuteaux, M. C., Michelson, K. A., Landschaft, A.,
Maulden, A. B., and Nigrovic, L. E. (2019). C-reactive protein or erythrocyte sedimentation
rate results reliably exclude invasive bacterial infections. The American Journal of
Emergency Medicine, 37(8), 1510-1515.

Pepys, M. (2018). The pentraxins 1975-2018: serendipity, diagnostics and drugs. Frontiers
in immunology, 9, 2382.

Philpot, P. A., and Bhandari, V. (2019). Predicting the likelihood of bronchopulmonary
dysplasia in premature neonates. Expert Review of Respiratory Medicine, 13(9), 871-884.
Pogue, A. 1., Jaber, V., Zhao, Y., and Lukiw, W. J. (2017). Systemic inflammation in
C57BL/6J mice receiving dietary aluminum sulfate; up-regulation of the pro-inflammatory
cytokines IL-6 and TNFa, C-reactive protein (CRP) and miRNA-146a in blood serum.
Journal of Alzheimer's disease and Parkinsonism, 7(6).

Potempa, L. A., Rajab, I. M., Hart, P. C., Bordon, J., and Fernandez-Botran, R. (2020).
Insights into the use of C-reactive protein as a diagnostic index of disease severity in
COVID-19 infections. The American journal of tropical medicine and hygiene, 103(2), 561.
Pouw, R. B., Brouwer, M. C., Van Beek, A. E., Jozsi, M., Wouters, D., and Kuijpers, T. W.
(2018). Complement factor H-related protein 4A is the dominant circulating splice variant
of CFHRA4. Frontiers in immunology, 9, 729.

Pradhan, S., Ghimire, A., Bhattarai, B., Khanal, B., Pokharel, K., Lamsal, M., and Koirala,
S. (2016). The role of C-reactive protein as a diagnostic predictor of sepsis in a
multidisciplinary Intensive Care Unit of a tertiary care center in Nepal. Indian Journal of
Critical Care Medicine: Peer-reviewed, Official Publication of Indian Society of Critical
Care Medicine, 20(7), 417.

Rasmussen, L. J. H., Schultz, M., Gaardsting, A., Ladelund, S., Garred, P., Iversen, K., and
Kronborg, G. (2017). Inflammatory biomarkers and cancer: CRP and suPAR as markers of
incident cancer in patients with serious nonspecific symptoms and signs of cancer.
International journal of cancer, 141(1), 191-199.

Ristagno, G., Fumagalli, F., Bottazzi, B., Mantovani, A., Olivari, D., Novelli, D., and Latini,
R. (2019). Pentraxin 3 in cardiovascular disease. Frontiers in immunology, 10, 823.
Ristovska, E. C., Genadieva Dimitrova, M., Chaloska-lvanova, V., Nikolovska, E.,
Joksimovic, N., Todorovska, B., and Milichevik, I. (2019). THE SIRS SCORE
RELEVANCE FOR ASSESSMENT OF SYSTEMIC INFLAMMATION COMPARED TO
C-REACTIVE PROTEIN IN PATIENTS WITH LIVER CIRRHOSIS. Maxeooncku
meouyurcku npeened= Macedonian Medical Review.

Rocha, D. M., Bressan, J., and Hermsdorff, H. H. (2017). The role of dietary fatty acid
intake in inflammatory gene expression: a critical review. Sao Paulo Medical Journal, 135,
157-168.

Sandrini, L., leraci, A., Amadio, P., Zara, M., and Barbieri, S. S. (2020). Impact of acute
and chronic stress on thrombosis in healthy individuals and cardiovascular disease patients.
International Journal of Molecular Sciences, 21(21), 7818.

Sasaki, S., Nishihira, K., Yamashita, A., Fujii, T., Onoue, K., Saito, Y., and Ohbayashi, C.
(2022). Involvement of enhanced expression of classical complement C1q in atherosclerosis
progression and plaque instability: C1q as an indicator of clinical outcome. PloS one, 17(1),
e0262413.

Savas, E. M., Oguz, S. H., Samadi, A., Yilmaz Isikhan, S., Unliitiirk, U., Lay, 1., and
Gurlek, A. (2020). Apoptosis inhibitor of macrophage, monocyte chemotactic protein-1, and

1975



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

http://annalsofrscb.ro

c-reactive protein levels are increased in patients with metabolic syndrome: a pilot study.
Metabolic Syndrome and Related Disorders, 18(4), 197-205.

Seow, E. S. (2021). Analysis of the Interaction between Pentraxins and Leishmania
Phosphoglycans (Doctoral dissertation, London School of Hygiene and Tropical Medicine).
Sigall Boneh, R., Sarbagili Shabat, C., Yanai, H., Chermesh, 1., Ben Avraham, S., Boaz, M.,
and Levine, A. (2017). Dietary therapy with the Crohn’s disease exclusion diet is a
successful strategy for induction of remission in children and adults failing biological
therapy. Journal of Crohn's and Colitis, 11(10), 1205-1212.

Sitepu, N. B., and Harahap, U. (2020). The Role Of hs-CRP In Predicting The Likelihood
Of Coronary Heart Disease. Indonesian Journal of Pharmaceutical and Clinical Research,
3(1), 51-61.

Solomon, S., Pasarin, L., Ursarescu, I., Martu, 1., Bogdan, M., Nicolaiciuc, O., and Martu, S.
(2016). The effect of non-surgical therapy on C reactive protein and IL-6 serum levels in
patients with periodontal disease and atherosclerosis. Int J Clin Exp Med, 9(2), 4411-7.
Sproston, N. R., and Ashworth, J. J. (2018). Role of C-reactive protein at sites of
inflammation and infection. Frontiers in immunology, 9, 754.

Swastini, D. A., Wiryanthini, I. A. D., Ariastuti, N. L. P., and Muliantara, A. (2019).
Atherosclerosis prediction with high sensitivity C-reactive protein (hs-CRP) and related risk
factor in patient with dyslipidemia. Open access Macedonian journal of medical sciences,
7(22), 3887.

Swede, H., and Braithwaite, D. (2017). Role of C-Reactive Protein in Cancer. In
Adipocytokines, Energy Balance, and Cancer. Springer, Cham. Pp: 235-251.

Tang, Y., Li, S. L., Hu, J. H,, Sun, K. J., Liu, L. L., and Xu, D. Y. (2020). Research progress
on alternative non-classical mechanisms of PCSK9 in atherosclerosis in patients with and
without diabetes. Cardiovascular Diabetology, 19(1), 1-12.

Temming, A. R., Tammes Buirs, M., Bentlage, A. E., Treffers, L. W., Feringa, H., De
Taeye, S. W., and Vidarsson, G. (2021). C-Reactive Protein Enhances IgG-Mediated
Cellular Destruction Through 1gG-Fc Receptors in vitro. Frontiers in Immunology, 12, 598.
Tessema, B., Lippmann, N., Willenberg, A., Kniipfer, M., Sack, U., and Kdnig, B. (2020).
The diagnostic performance of interleukin-6 and C-reactive protein for early identification
of neonatal sepsis. Diagnostics, 10(11), 978.

Tjendra, Y., Al Mana, A. F., Espejo, A. P., Akgun, Y., Millan, N. C., Gomez-Fernandez, C.,
and Cray, C. (2020). Predicting disease severity and outcome in COVID-19 patients: a
review of multiple biomarkers. Archives of pathology and laboratory medicine, 144(12),
1465-1474.

Tominaga, H., Setoguchi, T., Ishidou, Y., Nagano, S., Yamamoto, T., and Komiya, S.
(2016). Risk factors for surgical site infection and urinary tract infection after spine surgery.
European Spine Journal, 25(12), 3908-3915.

Trial, J., Potempa, L. A., and Entman, M. L. (2016). The role of C-reactive protein in innate
and acquired inflammation: new perspectives. Inflammation and cell signaling, 3(2).
Trofimenko, A. S. (2017). Elimination of nucleoproteins in systemic lupus erythematosus
and antinuclear autoantibodies production. In Lupus (pp. 103-121). IntechOpen.

Ullah, N., Ma, F. R., Han, J., Liu, X. L., Fu, Y., Liu, Y. T., and Li, H. Y. (2020).
Monomeric C-reactive protein regulates fibronectin mediated monocyte adhesion.
Molecular Immunology, 117, 122-130.

1976



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 1960 - 1977
Received 05 July 2021; Accepted 01 October 2021.

93. van Hooij, A., Tjon Kon Fat, E. M., Batista da Silva, M., Carvalho Bouth, R., Cunha
Messias, A. C., Gobbo, A. R., and Geluk, A. (2018). Evaluation of immunodiagnostic tests
for leprosy in Brazil, China and Ethiopia. Scientific reports, 8(1), 1-9.

94. van Oers, J. A., de Jong, E., Kemperman, H., Girbes, A. R., and de Lange, D. W. (2020).
diagnostic accuracy of procalcitonin and C-reactive protein is insufficient to predict proven
infection: a retrospective cohort study in critically ill patients fulfilling the sepsis-3 criteria.
The journal of applied laboratory medicine, 5(1), 62-72.

95. Wang, J., Guo, J., Zhang, J., Zhang, W., and Zhang, Y. (2017). RNA aptamer-based
electrochemical aptasensor for C-reactive protein detection using functionalized silica
microspheres as immunoprobes. Biosensors and Bioelectronics, 95, 100-105.

96. Wang, Y., Bu, C., Wu, K., Wang, R., and Wang, J. (2019). Curcumin protects the pancreas
from acute pancreatitis via the mitogen-activated protein kinase signaling pathway.
Molecular medicine reports, 20(4), 3027-3034.

97. Williams, R. D., Moran, J. A., Fryer, A. A., Littlejohn, J. R., Williams, H. M., Greenhough,
T. J., and Shrive, A. K. (2020). Monomeric C-reactive protein in serum with markedly
elevated CRP levels shares common calcium-dependent ligand binding properties with an in
vitro dissociated form of C-reactive protein. Frontiers in Immunology, 11, 115.

98. Wu, C. C,, Lan, H. M., Han, S. T., Chaou, C. H., Yeh, C. F,, Liu, S. H., and Chen, K. F.
(2017). Comparison of diagnostic accuracy in sepsis between presepsin, procalcitonin, and
C-reactive protein: a systematic review and meta-analysis. Annals of intensive care, 7(1), 1-
16.

99. Xu, L., Hu, F., Zhu, H., Liu, X., Shi, L., Li, Y., and Su, Y. (2018). Soluble TAM receptor
tyrosine kinases in rheumatoid arthritis: correlation with disease activity and bone
destruction. Clinical and Experimental Immunology, 192(1), 95-103.

100. Xu, L., Liu, J. T., Li, K., Wang, S. Y., and Xu, S. (2019). Genistein inhibits Ang Il-induced
CRP and MMP-9 generations via the ER-p38/ERK1/2-PPARy-NF-«B signaling pathway in
rat vascular smooth muscle cells. Life sciences, 216, 140-146.

101. Yamamoto, S., Waki, D., and Maeda, T. (2021). Granulocyte-Colony Stimulating Factor-
Induced Vasculitis Successfully Treated With Short-Term Corticosteroid Therapy: A Case
Report. Cureus, 13(12).

102.Yang, A. P., Liu, J., Yue, L. H., Wang, H. Q., Yang, W. J.,, and Yang, G. H. (2016).
Neutrophil CD64 combined with PCT, CRP and WBC improves the sensitivity for the early
diagnosis of neonatal sepsis. Clinical Chemistry and Laboratory Medicine (CCLM), 54(2),
345-351.

103.Yang, Y., Li, G, and Zhang, R. (2022). Correlation Analysis of Acute Coronary Syndrome
with Serum IL-18, MMP-9, hs-CRP, and Plasma FIB. BioMed Research International,
2022.

104.Yao, Z., Zhang, Y., and Wu, H. (2019). Regulation of C-reactive protein conformation in
inflammation. Inflammation Research, 68(10), 815-823.

105.Zhang, X., Cui, L., Chen, B., Xiong, Q., Zhan, Y., Ye, J., and Yin, Q. (2021). Effect of
chromium supplementation on hs-CRP, TNF-o and IL-6 as risk factor for cardiovascular
diseases: A meta-analysis of randomized-controlled trials. Complementary therapies in
clinical practice, 42, 101291.

106.Zhao, Y., Nie, H. X., Hu, K., Wu, X. J., Zhang, Y. T., Wang, M. M., and Zeng, S. L. (2020).
Abnormal immunity of non-survivors with COVID-19: predictors for mortality. Infectious
diseases of poverty, 9(1), 1-10.

http://annalsofrscb.ro 1977



