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ABSTRACT

Background: Acute aortic dissection (AAD) is a life-threatening cardiovascular disease that requires rapid
intervention. The present study assessed the serum citrullinated fibrinogen (C-Fbg) levels in patients with AAD
and investigated their clinical utility.
Materials and methods: Serum C-Fbg concentrations were measured at the first blood sample of AAD patients
(n = 34) and compared with those of healthy controls (HCs; n = 23) and patients with ischemic heart disease
(IHD; n = 10). We also assessed the correlations between C-Fbg levels and inflammatory and coagulation
markers in patients with early-phase AAD as well as the time course of these markers, including C-Fbg.
Results: Serum C-Fbg levels were significantly higher in AAD patients than in HCs (p<0.001) and IHD patients
(p<0.01), and serum C-Fhg levels correlated with D-dimer but not with other markers. Receiver operating
characteristic (ROC) curve analysis revealed that C-Fbg concentrations were effective in differentiating AAD
from THD. In contrast to the decrease in D-dimer levels, C-Fbhg concentrations remained high and relatively
unchanged in early-phase AAD.
Conclusion: Serum C-Fbg levels were elevated in patients with AAD, and could differentiate AAD from THD.
Although further studies are needed, C-Fbg may be an adjunctive tool in the differential diagnosis of AAD.

(Lab Med Int 2024; 3(2): 50-58)
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) and early diagnosis is required to improve its prognosis.

L. Introduction........cccceeeeeecerneeeeeeecesnneeeeeeeecssnnneeeeeenns . . .
Although there are still uncertainties concerning the
Acute aortic dissection (AAD) is a life-threatening mechanisms underlying the onset of aortic dissection

cardiovascular disease associated with high mortality ?, ?  many studies have demonstrated that a certain level
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of inflammation involving neutrophil or macrophage
infiltration into aortic tissue is associated with the
formation of aortic dissection ¥ #¥,

The diagnosis of AAD is primarily based on symptoms
and imaging findings. Blood tests play a role in the acute
setting and can enhance the differential diagnosis of
AAD from other serious illnesses. Many biochemical
assays have been developed to detect AAD in such
patients 1 including evaluations of smooth muscle
myosin 'Y, matrix metalloproteinase-9 ¥, elastin
degradation products ¥, calponin ¥, transforming growth
factor-beta'® and D-dimer ' '”. Among them, serum
D-dimer concentration is currently the only biomarker
for distinguishing AAD from ischemic heart disease
(IHD) in the clinical settings '® ', Therefore, other
rapid and accurate biomarkers are needed to enhance the
diagnosis of AAD in the acute phase.

Protein citrullination involves the posttranslational
modification of arginine to citrulline via the calcium-de-
pendent enzyme peptidylarginine deiminase (PAD) 202V,
The 5 PAD isozymes (PAD 1, 2, 3, 4, and 6) are tis-
sue-specifically distributed in human body and citrullinate
proteins in a substrate-specific manner 2. Among them,
PAD2 and PAD4 are expressed in blood cells 2.

Citrullinated proteins have been investigated as anti-
gens for autoimmune antibodies in rheumatoid arthritis
2020 Among them, citrullinated fibrinogen (C-Fbg) is a
well-known candidate autoantigen abundant in the joints
of patients with rheumatoid arthritis, where a compli-
cated inflammatory response occurs®’. However, little
is known about the physiological or pathological role of
C-Fbg in other diseases.

We previously showed that C-Fbg levels were increased
in patients with bacteremia, which was correlated with
neutrophilia®. As neutrophilia is detected soon after
AAD occurs 2, we hypothesized that Fbg might be ci-
trullinated by PAD derived from increased neutrophils in
or around the aortic wall in patients with AAD, causing
an increase in C-Fhg levels.

In the present study, we assessed the specificity and po-
tential clinical use of C-Fhg as an acute-phase marker for
the early diagnosis of patients with suspected AAD.

II. Materials and methods .......cccoeeveveeeeeveeceercnnennnnnnne

Subjects

Patients enrolled in this study were admitted to the Ad-
vanced Emergency and Critical Care Center of Shinshu
University Hospital from November 2017 to July 2018
and diagnosed with AAD (Stanford type A or B) and IHD
(7 cases of acute myocardial infarction, 2 cases of angina,

and 1 case of acute coronary syndrome). Patients diag-
nosed with an infectious disease or active autoimmune
disease, such as rheumatoid arthritis or systemic lupus
erythematosus, were excluded. In this study, 1-6 serum
samples were obtained from 34 patients with AAD (n =
118) and 10 patients with IHD (n = 10) independent of
treatment strategy. For healthy controls (HCs; n = 23),
blood samples were obtained from healthy volunteers
after informed consent was obtained. All serum samples
were stored at -30°C until analysis. Clinical laboratory data,
including concentrations of C-reactive protein (CRP),
Fbg, and D-dimer, complete blood count, and differential
white blood cell counts, were collected from the patients’
medical records. The reference intervals of values at
Shinshu University Hospital were used. The partici-
pants’ detailed information is provided in Table 1.

This study was conducted in accordance with The Code
of Ethics of the World Medical Association (Declaration
of Helsinki) and approved by the Ethical Review Board
of Shinshu University School of Medicine (no. 3928).
Sandwich enzyme-linked immunosorbent assay for
C-Fbg

C-Fbg was quantified using a sandwich enzyme-linked
immunosorbent assay method that we previously estab-
lished. Briefly, the generated anti-C-Fbg antibody (clone
F) was used as a precoating antibody, while biotin-con-
jugated anti-Fbg polyclonal antibody (Ab6666; Abcam,
Cambridge, UK) was used as the secondary antibody .

The synthesis, purification, and citrullination of recom-
binant fibrinogen used as a standard were described pre-
viously 2729,

Statistical analyses

All statistical analyses were performed using EZR
software (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for
R software (The R Foundation for Statistical Computing,
Vienna, Austria) . The Mann-Whitney U test was used to
compare inflammatory and coagulation markers between
patients with AAD and those with IHD. In addition, a
receiver operating characteristic (ROC) curve analysis
was performed for C-Fbg concentration in patients with
AAD and IHD. The optimal cut-off value was determined
using Youden’ s index. The Kruskal-Wallis test with
the Steel-Dwass test was also used to compare C-Fbg
concentrations between patients with AAD and those
with IHD in the first submission sample and the HCs, as
were chronological changes in C-Fbg and other markers.
Moreover, the time-course transition of C-Fhg level and
neutrophil count was evaluated using the same statistical
analysis. Spearman’ s rank correlation test was used
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Table 1 Clinical characteristics of the patients and healthy controls

Healthy controls AAD patients IHD patients
Median (IQR) n Median (IQR) n Median (IQR) n b
Age, years 51.0 (44.5-60.0) 23 | 74.5 (67.0-80.8) 34 76.5 (71.3-78.5) 10
Sex (male/female) 10/13 17/17 6/4
Laboratory tests
Neutrophil ( X 10°) (/uL) NA 8.2 (6.3-11.6) 31 6.0 (4.6-7.6) 9 <0.05
PLT ( X 10°) (/uL) NA 166.0 (144.5-204.0) 34 |159.0 (146.5-208.3) | 10 | 0.944
CRP (mg/L) NA 1.3 (0.3-3.3) 34 0.8 (0.5-2.5) 10 1.000
Fbg (g/L) NA 2.4 (1.8-2.9) 33 2.9 (2.6-3.0) 10 | 0.182
D-dimer (ug/mL) NA 15.7 (5.4-40.8) 34 0.8 (0.6-1.7) 10 | <0.001
Classification of AAD
Stanford type A 25
(DeBakey 1/11) (17/8)
Surgical treatment 21
Conservative treatment 4
Stanford type B 9
Surgical treatment 0
Conservative treatment 9
Classification of IHD
Acute myocardial infarction 7
Angina 2
Acute coronary syndrome 1

AAD: acute aortic dissection, CRP: C-reactive protein, Fbg: fibrinogen. IHD: IHD: ischemic heart disease, IQR: interquartile

range, NA: not analyzed, PLT: platelet count.

to determine the correlation between serum C-Fbg
level and other clinical factors. P values < 0.05 were
considered statistically significant.

II1. RESUILS ...eiriirrrrrrnieiieeeeeereeenceeeeeeeereaseneeeeeessennnnnns

Initial serum C-Fbg concentrations of patients with
AAD versus IHD

First, we evaluated the serum C-Fbg concentration
in the first submitted sample of patients with AAD and
compared them to those of patients with IHD and HCs.
As illustrated in Figure 1A, the serum C-Fbg level in
the first sample of AAD patients (median [range], 153.8
[101.2-218.6] ng/mL) was significantly higher than those
of THD patients (83.1 [74.0-92.9] ng/mL; p < 0.01) and
HCs (40.5 [31.5-50.6] ng/mL; p < 0.001). A significant
difference was also observed in the C-Fbg concentrations
between the ITHD patients and HCs. There were no
significant differences in C-Fbg concentration hetween
the cases of Stanford type A and B (Figure 1B) or
DeBakey I and II (data not shown) in the AAD group.

The ROC analysis of C-Fhg concentrations in AAD and
IHD patients in the first samples revealed an area under
the curve (AUC) of 0.821 (95% confidence interval,
0.667-0.974) with a cut-off value of 94.1 ng/mL, sensitivity
of 80.0%, and specificity of 82.4% (Figure 1C).
Initial inflammatory and coagulation marker levels

of patients with AAD versus IHD

Next, we compared the initial inflammatory and
coagulation marker levels (neutrophil count, platelet
count [PLT], CRP, Fbg, and D-dimer) of patients with
AAD and IHD (Table 1). The neutrophil counts were
significantly higher in the AAD group (8.2 [6.3-11.6] X
10%uL) than in the IHD group (6.0 [4.6-7.6] X 10°/uL,
$<0.05). The D-dimer values in the AAD group (15.7
[5.4-40.8] ng/mL) were also significantly higher than
those in the IHD group (0.8 [0.6-1.7] ng/mL; p < 0.001),
as reported by other researchers "2, There were no
significant intergroup differences in PLT (p = 0.944),
CRP (p = 1.000), or Fbg (p = 0.182).

We also assessed whether C-Fbhg concentration was
related to the initial neutrophil count and D-dimer, PLT,
CRP, or Fbg values of the AAD group. C-Fbg showed a
moderately positive correlation with D-dimer (r = 0.443,
p < 0.01; Figure 2B), but it was not correlated with
neutrophil count (» = 0.186, p = 0.315; Figure 2A),
PLT (» = 0.256, p = 0.145; Figure 2C), CRP (» = 0.164,
p = 0.355; Figure 2D), or Fbg (» = -0.08, p = 0.657;
Figure 2E).

Time course of C-Fbg and other markers

Our previous study revealed that serum C-Fbg levels
were increased in patients with bacteremia, consistent
with the influx of neutrophils into the bloodstream in
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Figure 1 Serum C-Fbg concentrations and ROC analysis results. Initial levels measured of the (A) HCs (n = 23), AAD
patients (n = 34), and IHD patients (n = 10). (B) Levels in patients with Stanford type A and B AAD were compared. The
bar indicates median and interquartile range. The statistical analysis was performed using the Kruskal-Wallis and Steel-
Dwass test (A) and the Mann-Whitney U test (B). (C) The ROC analysis of the initial serum C-Fbg level of AAD versus
THD patients is shown. AAD, acute aortic dissection; C-Fbg, citrullinated fibrinogen; HCs, healthy controls; IHD, ischemic
heart disease; ROC, receiver operating characteristic

1000 1 Spear.r=0.186 1000 ;”fgﬁ; 048
=0.315 .

3 8004 13 3 800 ° no

£ £

E | S o

E 600 . © o E, 600 1

éﬂ 400 A o o éﬂ 400 i o o

O 200 - o© O 200 @& % o

%PO%D % o
0 . T —_ 0 T T )
0 5 10 15 20 0 100 200 300
Neutrophil count (X 103) /uLL el AR
1000 Spearr=0256 1000 Spear.r = 0.164 UL Spear.r =-0.08
3 800 o) P:g'4145 3 800 p=0355 3 800 - o p=0.657
E e g n =34 E n=33
& 600 1 ) = 600 W 600 { ©
= o = o o = o o
20 400 A ® 20400 2400 {1 o
I fo) B o o i o)
O 200 - O 200 O 200 A
86ffe © o’ oo i
0 . r ) 07 r ’ ' 0 r . ' s
0 20 40 60 0 100 200 300 0 2 4 6 8
PLT count (X 10%) /uL CRP (mg/L) Fbg (g/L)

Figure 2 Correlation between C-Fbg concentration and inflammatory markers in the initial sample taken from patients
with AAD. The correlations between C-Fbg and neutrophil count (A), D-dimer (B), PLT count (C), CRP level (D), and
Fbg concentration (E) are shown. The significance of the correlation (p) was analyzed with Spearman’ s rank correlation
coefficient (Spear. r) . AAD, acute aortic dissection; C-Fbg, citrullinated fibrinogen; CRP, C-reactive protein; Fbg, fibrinogen;

PLTc platelet count

accordance with the bacteremia phase ?». Thus, we time-course analyses were available for 23 of the 34 AAD

assessed the time course of C-Fbg and neutrophil count
after AAD patient admission as well as the correlation
between C-Fbg and neutrophil count. We also compared
the time course of C-Fbhg with that of D-dimer, CRP, and
Fbg levels. Clinical data of neutrophil counts, D-dimer,
CRP, and Fbg along with C-Fbg concentration in the

patients. The values were classified according to sample
submission timing after the patients were admitted: 0 h
(initial sample), 1-24 h, 25-48 h, 49-72 h, and 73-96 h.
The C-Fhg concentration in AAD patients remained
high compared to that of HCs and remained relatively
unchanged until 73-96 h (Figure 3A). The mean
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neutrophil count remained above the normal range
throughout the time course. Aortic dissection promotes
rapid mobilization of neutrophils to the adventitia of the
dissected aorta, and the value peaks at 12-24 h after the
event ¥. As the half-life of neutrophils is <24 h *¥, our
results suggest the involvement of continuous neutrophil
recruitment from the bone marrow in response to aortic
dissection (Figure 3B). However, we detected no
correlation between C-Fbg level and neutrophil count in
any of the classified phases (Figure 4).

The time course of D-dimer, CRP, and Fbg levels
demonstrated characteristic transitions from 0 to 96
h after the onset of AAD (Figure 3). D-dimer levels
peaked at 0 h and then decreased rapidly within 48 h
(Figure 3C). CRP levels began to increase at 1-24
h and peaked at 49-72 h (Figure 3D). Fbg showed a
continuous increase after 25 h until 73-96 h (Figure
3E).

p<0.001

Discussion

In the present study, serum C-Fbg concentrations in
patients with AAD were analyzed and compared with the
inflammatory and coagulation markers.

We clarified that the initial serum C-Fbg concentrations
of AAD patients were significantly higher than those
of HCs and IHD patients. Furthermore, there were no
significant differences in C-Fbg concentration between
the cases of Stanford type A and B or DeBakey I and II in
the AAD group. Generally, Stanford type A is considered
as more severe condition than type B because of its
involvement in ascending aortic dissection®’. Stanford
type A is further classified DeBakey I (dissection of the
entire aorta) and II (dissection of the ascending aorta
only), and former is severe than latter ®. Thus, this
might suggest that severity of the illness had no effect
on the C-Fbg concentration. The neutrophil counts in
the AAD group were also significantly higher than those
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Figure 3 Time course of C-Fbhg and other inflammatory markers. Samples from 23 AAD patients were classified by the

submission time; 0 h (the first submission sample), 1-24 h,
(A), neutrophil counts (B), and concentrations of D-dimer
medians with the interquartile range. The reference interval

25-48 h, 49-72 h, 73-96 h. The concentration of serum C-Fbg
(C), CRP (D), and Fbg (E) are shown. The bar indicates the
of each marker at Shinshu University Hospital is depicted by a

gray area or bar and arrow. The statistical analyses were performed by the Kruskal-Wallis and Steel-Dwass test. AAD, acute
aortic dissection; C-Fhg, citrullinated fibrinogen; CRP, C-reactive protein; Fbg, fibrinogen; HCs, healthy controls
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in the IHD group. Our previous report demonstrated
that the C-Fbg concentration increased in bacteremia
patients consistent with the influx of neutrophils into the
bloodstream in accordance with the bacteremia phase #.
The increase in C-Fbg levels was induced by increased
PAD derived from activated neutrophils in patients with
bacteremia. Therefore, we hypothesized that C-Fbg in
AAD patients is also generated by PAD from activated
neutrophils, so the C-Fbg concentration would increase
along with neutrophilia in AAD patients.

The estimated half-life of C-Fbg in vivo is approximately
2.5-3.5 days, which is similar to that of fibrinogen (2-4
days) *. Our data showed that C-Fbg concentrations in
AAD patients remained high through the time course
compared to that of HCs from the first submission to
73-96 h. Moreover, there were no significant differences
in C-Fbg levels at any time point between patients with
and without surgical intervention (data not shown).
This suggested that C-Fhg in patients was continuously
generated through at least 96 h after AAD onset, and
it represented sustained inflammatory responses until
73-96 h with or without surgery. However, there was no
correlation between C-Fbg concentration and peripheral
blood neutrophil count throughout the time course.

Interestingly, a recent study revealed that neutrophil

extracellular traps (NETs) are involved in AAD 3¢ 37,
NETs, consisting of intracellular substances such as
enzymes, proteins, and DNA, are released extracellularly
by neutrophils and play a critical role in inflammatory
processes *®. The presence of NETs in the aortic tissues
and serum of patients with thoracic aortic dissection and
its mouse model has been proven *”. Other investigators
also demonstrated that NET components may constitute
useful diagnostic and prognostic markers in patients
with AAD %9, PAD is also released from neutrophils as a
NET component and citrullinates many kinds of plasma
proteins *? . Thus, we hypothesized that the source
of PAD, inducing the citrullination of Fbg, is probably
activated neutrophils and macrophages that infiltrate
the inflammatory site. Pathologically, aortic dissection is
characterized by dissection of the aortic media. Recent
studies in mouse models of aortic dissection have
shown that inflammatory cells, such as macrophages
and granulocytes, are involved in the onset of aortic
dissection ' ., In a human study, the initial influx of
neutrophils into the adventitia occurred within hours
of the onset of pain, followed by a peak at 12-24 h and
a gradual decrease that persisted for 2-7 days ®. These
infiltrated and activated blood cells potentially produce
and release PAD, leading to the citrullination of Fbg.
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Therefore, peripheral blood neutrophil counts did not
necessarily correlate with the amount of PAD released
or the C-Fbg concentration in contrast to patients with
bacteremia.

There is another explanation for this discrepancy
between serum C-Fbg concentrations and peripheral
neutrophil counts. PAD2, an isoform of PAD, is also
present in the aorta at the mRNA level according to
the expressed sequence tag database *¥. Therefore,
the release of PAD2 from the injured aortic wall via
mechanical stimulation or inflammatory molecules upon
aortic dissection may induce the citrullination of Fbg. In
this case, neutrophils are not necessarily correlated with
C-Fbg because they are not its main source.

Next, we analyzed the relationship between C-Fhg
concentration and D-dimer, Fbg, and CRP levels. As
shown in Figure 3C, D-dimer levels rapidly increased at
AAD onset as generally reported * * and peaked earlier
than those of CRP and Fbg. C-Fbg also rapidly increased
at AAD onset, and the levels were correlated with those
of D-dimer, but not with other markers. In addition, our
results showed that the C-Fbg concentration in the AAD
group was significantly higher than that in the IHD group.
As the most common symptom of AAD is sudden-onset
severe chest or back pain ¥, physicians often need to
distinguish AAD from IHD. In an acute setting, D-dimer
is currently the only commercially available test for
reinforcing the biochemical diagnosis of aortic dissection.
Although the sensitivity is high (96.6%) with a D-dimer
cut-off of 0.5 pg/mL to rule out clinically suspected AAD,
the specificity is low (46.6%) ?. Our results showed
that ROC curve analysis further revealed the utility of
C-Fbg for distinguishing between AAD and IHD (AUC,
0.821; 95% confidence interval, 0.667-0.974) by using
a C-Fbg with a cut-off value of 94.1 ng/mL (sensitivity,
80.0%; specificity, 82.4%) . Thus, serum C-Fbg may be
a potentially useful clinical adjunctive AAD biomarker in
patients presenting with acute-onset severe chest or back
pain. In addition, D-dimer levels decreased significantly
25 h after AAD onset, while C-Fbg levels remained
elevated until 96 h. Therefore, the difference in kinetics
between C-Fbg and D-dimer may aid the accurate AAD
diagnosis, especially after 25 hours post-onset.

Some limitations of the present study warrant
mentioning. First, because of its small sample size,
we could not conduct detailed analyses according to
classification or known risk factors for aortic dissection.
Second, this is a retrospective study with limited samples
and information, so that prospective study is needed
to evaluate clinical utility of C-Fbg in AAD further.

Third, the samples were obtained independently of
any treatment of AAD. We confirmed surgery did not
affect C-Fbg concentration, but we could not exclude
the possibility that drug treatment might influence
C-Fbg production in patients with AAD. Forth, we did
not analyze the relationship between C-Fbg and AAD
prognosis. Many factors have been reported as prognostic
markers in AAD “-47_ It will be very interesting to see if
C-Fbg can be used as diagnostic and prognostic marker in
AAD.

In conclusion, this is the first report to demonstrate an
initially increased serum C-Fbg concentrations among
patients with AAD. Our results indicate that C-Fbg may
be a useful adjunctive differential diagnostic tool for AAD.
As the physiological or pathological role of C-Fhg has not
been evaluated in AAD, further investigations are needed
to determine the clinical utility of C-Fbg, especially in
cardiovascular emergencies.
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