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Plasma Macrophage Migration
Inhibitory Factor as a Biomarker of
Thromboinflammatory Dysregulation in
Anti-Neutrophil Cytoplasmic Antibody-
Associated Vasculitis

ABSTRACT

Background/Aims: Anti-neutrophil cytoplasmic antibody (ANCA)-associ-
ated vasculitis (AAV) is an autoimmune disorder characterized by necrotiz-
ing inflammation of small vessels. This study investigates the relationship
among macrophage migration inhibitory factor (MIF), coagulation param-
eters, and thrombotic events in AAV.

Materials and Methods: Plasma and urine samples obtained from 45 AAV
patients and 16 healthy controls were analyzed. Then, the MIF levels were
quantified via enzyme-linked immunosorbent assay. Afterwards the
coagulation markers (prothrombin time (PT), international normalized
ratio (INR), activated partial thromboplastin time (APTT), fibrinogen (FIB),
fibrin degradation products (FDP), and prothrombin activity (PTA)), renal
function (estimated glomerular filtration rate (eGFR)), and disease activity
(Birmingham Vasculitis Activity Score (BVAS)) were assessed. Finally, the
thrombotic events were radiologically confirmed.

Results: The plasma MIF levels were significantly elevated in AAV patients
when compared to healthy controls (716.35 vs. 293.26 pg/mL, P < .05).
Beyond demonstrating the associations with disease severity and renal
function (which had a positive correlation with BVAS (r = 0.391, P = .008)
and a negative correlation with eGFR (r = -0.298, P = .047)), MIF further
exhibited inverse relationships with high-density lipoprotein cholesterol (r
= -0.334, P=.043). Notably, plasma MIF had significant positive correlations
with multiple coagulation parameters, which included PT (r = 0.351), INR (r
= 0.346), APTT (r = 0.380), FIB (r = 0.374),and FDP (r = 0.301) (all, P <.05), and
a negative correlation with PTA (r=-0.346, P =.020). Complementing these
findings, urinary MIF levels were inversely correlated to thrombin time (r =
-0.367, P = .039), collectively reinforcing the role of MIF in thromboinflam-
matory dysregulation.

Conclusion: Although plasma MIF correlates with thromboinflammmatory
dysregulation, its predictive value for thrombosis warrants validation in
larger cohorts.

Keywords: ANCA-associated vasculitis, coagulation, macrophage migra-
tion inhibitory factor, MIF, thrombosis

Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)
comprises granulomatosis with polyangiitis, microscopic polyangiitis, and
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eosinophilic granulomatosis with polyangiitis systemic
autoimmune disorders that target small vessels.!? Its
defining pathological feature is necrotizing inflamma-
tion featuring fibrinoid necrosis in the vessel walls, driv-
ing tissue destruction and organ failure. Although these
primarily affect the kidneys and lungs, systemic throm-
botic complications significantly contribute to morbid-
ity. The prevalence of venous thrombosis in AAV ranges
between 5.80% and 30.00%.* Venous thromboembolism
(VTE) incidence is markedly elevated during active dis-
ease, with increased relative risk vs. remission or healthy
controls.® This thrombophilic phenotype underscores the
necessity for the mechanistic exploration of coagulation
dysregulation in AAV pathophysiology.

Macrophage migration inhibitory factor (MIF) exhibits
significantly elevated plasma concentrations in patients
with AAV when compared to those in remission or
healthy controls, underscoring its contribution to disease
pathogenesis. Mechanistically, MIF primes neutrophils by
promoting ANCA antigen translocation to the cell mem-
brane, thereby enhancing its susceptibility to ANCA-
mediated activation. This process triggers respiratory
bursts and degranulation, amplifying vascular inflamma-
tion.? Beyond its role in leukocyte recruitment, MIF serves
asa critical nexus between inflammmation and coagulation

MAIN POINTS

- Plasma macrophage migration inhibitory factor
(MIF) levels are significantly elevated in patients
with active anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV) compared with
healthy controls and correlate positively with dis-
ease activity assessed by Birmingham Vasculitis
Activity Score.

- Higher plasma MIF concentrations are associated
with multiple markers of coagulation dysfunction,
including prolonged prothrombin time, interna-
tional normalized ratio and activated partial throm-
boplastin time, increased fibrinogen and fibrin
degradation products, and reduced prothrombin
activity.

- Plasma MIF shows inverse correlations with esti-
mated glomerular filtration rate and high-density
lipoprotein cholesterol, linking it to both renal
impairment and lipid dysregulation in AAV.

- Although plasma MIF strongly reflects throm-
boinflammatory dysregulation, no significant differ-
ence in MIF levels was observed between patients
who developed in-hospital thrombotic events and
those who did not, likely due to limited statistical
power.

- These findings position plasma MIF as a promising
biomarker of the inflammation-coagulation axis in
ANCA-AAV, warranting validation in larger cohorts
for thrombosis prediction and potential therapeutic
targeting.
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pathways. It mediates inflammmatory cell infiltration and
accelerates plaque progression within the vascular wall.”®
Notably, MIF interacts with CXCR7 to modulate platelet
survival and thrombotic potential, both in vitro and in
vivo, suggesting its regulatory role in thrombosis and
inflammation.® Unlike other platelet-derived chemo-
kines, MIF exhibits delayed secretion kinetics and unique
autocrine/paracrine signaling properties. Importantly,
MIF acts as a major platelet-derived chemotactic factor
with clot-modulating effects, implicating its relevance in
inflammatory diseases such as atherosclerosis.”®

Although MIF has been well-established in AAV patho-
genesis, particularly through mediating ANCA-induced
neutrophil activation, degranulation and reactive oxy-
gen species production are the well-established drivers
of vascular inflammation in AAV."? However, its spe-
cific contributions to AAV-associated hypercoagulabil-
ity remain poorly understood. Clinical observations have
revealed that AAV patients maintain markedly elevated
thrombotic risk, not only during active disease, but also
in remission, as evidenced by persistent coagulation
abnormalities.”™®

Although the highest incidence of VTE occurs during
active disease and early disease course, emerging data
have demonstrated increased thrombogenic potential in
peripheral blood samples, even from patients in clinical
remission.” This growing body of evidence supports the
existence of a sustained hypercoagulable state in AAV,
highlighting the urgent need for studies that evaluate
tailored anticoagulation strategies to mitigate thrombo-
embolic complications in this population.

Thus, the investigators hypothesized that plasma MIF
levels are elevated in active AAV and correlate with
both disease activity and coagulation dysfunction,
thereby serving as a biomarker of thromboinflammatory
dysregulation.

Materials and Methods

Study Population

The present prospective study enrolled 45 treatment-
naive AAV patients (18 male and 27 female patients; at
enrollment, no anticoagulants (including heparin) were
administered prior to or during sample collection), who
were hospitalized at the Department of Nephrology, The
Affiliated Hospital of Inner Mongolia Medical University,
between November 2021 and December 2024. The cohort
comprised 43 myeloperoxidase (MPO)-ANCA-positive
and 2 proteinase 3 (PR3)-ANCA-positive cases, and all
cases met the 2012 Chapel Hill Consensus Conference
diagnostic criteria.® Exclusion criteria: (1) active severe
infections (particularly sepsis or urinary tract infections);
(2) other glomerulonephritis types (e.g. lupus nephri-
tis); (3) comorbid autoimmune diseases (e.g. rheuma-
toid arthritis); (4) present therapeutic anticoagulation. A
total of 16 age- and gender-matched healthy volunteers
served as the healthy controls. The present study protocol
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was approved by the Ethics Committee of the Affiliated
Hospital of Inner Mongolia Medical University | (Approval
no: YKD202001155, Approval date: Apr 07, 2020), and writ-
ten informed consent was obtained from all participants.

Standardized Biospecimen Collection

Fasting venous blood (5 mL) was collected between 6
and 8 AM within 24 hours of admission, along with 10 mL
of midstream clean-catch morning urine. All samples
were processed within 30 minutes at room temperature
under standardized conditions: blood samples were col-
lected into sodium citrate anticoagulant tubes and cen-
trifuged at 3000 x g for 20 minutes at 20-24°C without
brake to obtain platelet-poor plasma (platelet count <10
x 10%/L), while urine samples were immediately aliquoted
into sterile Eppendorf tubes. Then, the processed ali-
quots were stored at -20°C with a strict limitation to
<2 freeze-thaw cycles in order to preserve the sample
integrity. Key biomarkers, including MIF (Cat# bskl11047,
Bioss, Beijing, China) and coagulation parameters (pro-
thrombin time (PT), activated partial thromboplastin
time (APTT), fibrinogen (FIB), and fibrin degradation
products (FDP)), were analyzed in batches within 3
months of collection in order to ensure analytical con-
sistency. Absorbance (450 nm) was measured using the
SpectraMax i3x microplate reader (Molecular Devices).
The intra- and inter-assay coefficients of variation were
<8% and <12%, respectively. All values fell within the stan-
dard curve range (8.23-6000.00 pg/mL), and the results
were reported in pg/mL.

Baseline Clinical Characteristics Data

The comprehensive baseline clinical characteristics were
systematically collected from medical records, which
included the following: demographic information (age
and gender), detailed medical history, admission physical
examination findings, and present treatment regimens.

Laboratory and Imaging Data

The comprehensive laboratory test included the follow-
ing: complete blood count (hemoglobin (HGB), white
blood cell count (WBC), and platelet count (PLT)), coag-
ulation profile (PT, international normalized ratio (INR),
APTT, thrombin time (TT), FIB, FDP, and D-dimer), inflam-
matory markers (erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), and complement C3/C4), liver
function tests (alanine aminotransferase, aspartate ami-
notransferase, and albumin (ALB)), metabolic panel (total
cholesterol (TCH), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol, triglycer-
ides, and glucose), and renal function parameters (serum
creatinine (SCr)). The coagulation tests were performed
on citrate-anticoagulated plasma, and TT was mea-
sured using standard clinical assays without exogenous
heparin interference. D-dimer was measured using the
latex-enhanced immunoturbidimetric assay (Sekisui
Diagnostics, Burlington, MA, USA). The results are reported
in pg/mL FEU (FIB equivalent units), with the laboratory
reference range of 0-0.55 pg/mL FEU. All patient values
were above the upper limit of normal (median: 3.42 pg/
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mL FEU, interquartile range (IQR): 1.68-6.89 ug/mL FEU).
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the Modification of Diet in Renal Disease for-
mula: 186 x (SCr in mg/dL) x age (years) x 0.742 (if female).

The imaging studies included vascular ultrasound (lower
extremity, carotid, intracranial, and renal vessels), angi-
ography (coronary and cerebral), magnetic resonance
angiography, and other relevant modalities. All labo-
ratory tests and imaging studies were performed and
interpreted by the certified clinical laboratory and radi-
ology department of the hospital of the investigators,
respectively.

Statistical Analysis

All statistical analyses were performed using SPSS ver-
sion 27.0 (IBM SPSS Corp.; Armonk, NY, USA). Normally
distributed continuous variables are expressed as mean
+ standard deviation and compared by independent
samples t-test. Non-normally distributed continuous
variables are presented as median (IQR) and analyzed by
Mann-Whitney U-test. Categorical data are expressed as
percentage and compared by chi-square test or Fisher's
exact test, as appropriate. The correlation analysis was
conducted using Pearson’s test for normally distributed
variables. The correlation coefficients were reported with
95% Cl estimated via 1000 bootstrap resamples. The sam-
ple size (n) was specified for each analysis. The correlation
analysis between plasma MIF and multiple coagulation
parameters was considered exploratory. Thus, no correc-
tion for multiple comparisons (e.g., false discovery rate)
was applied, and the P-values were reported unadjusted.
A 2-tailed P-value of <05 was considered statistically
significant.

Results

Clinical Characteristics of Anti-Neutrophil Cytoplasmic
Antibody-Associated Vasculitis Patients

The present study included 45 AAV patients with a
median age of 68.00 years (IQR: 60.00-73.50). Among
these patients, 18 were male (40%) and 27 were female
(60%). Furthermore, the plasma MIF levels, which were
measured by enzyme-linked immunosorbent assay
(ELISA), were significantly elevated (median: 716.35 pg/
mL, IQR: 446.73-1415.99). Moreover, among these patients,
13 (28.9%) presented with anuria (indicating end-stage
renal disease (ESRD)), and the measured urinary MIF
level was 148.78 pg/mL (IQR: 60.12-398.22) by ELISA.

The comparative analysis revealed significant differences
between AAV patients and healthy controls, in both
plasma and urine parameters. For the plasma biomark-
ers, AAV patients had significantly higher levels of WBC,
PT, INR, FIB, SCr, and TCH, and significantly lower HGB,
prothrombin activity (PTA), and ALB, when compared
to healthy controls (all, P <. 05). Similar patterns were
observed in the urinary analysis of AAV patients with
available urine data. Notably, the 2 groups had no signifi-
cant differences in age or gender distribution (P > .05).



Lv et al. Plasma MIF in ANCA-Associated Vasculitis

P<0.05

1500+ 800+

P>0.05

T

600+
1000+

MIF (pg/ml)

o
5
1
MIF (pg/ml)
Y
8
1

200+

AAV normal AAV normal

Figure 1. Comparative analysis of plasma (panel A) and

urinary (panel B) macrophage migration inhibitory
factor (MIF) levels in anti-neutrophil cytoplasmic

antibody-associated vasculitis (AAV) patients vs. healthy
controls.

The complete baseline clinical and laboratory character-
istics are presented in Table 1.

Elevated Plasma Migration Inhibitory Factor Is
Associated to Disease Activity

The plasma MIF levels exhibited a significant 2.4-fold
elevation in AAV patients vs. healthy controls (P < .05,
Figure1A), while the urinary MIF concentrations remained
comparable between groups (Figure 1B). The correla-
tion analysis revealed that the plasma MIF levels were
positively associated with disease activity (Birmingham
Vasculitis Activity Score (BVAS): r=0.391, P=.008; Figure 2),
but inversely correlated with renal function (eGFR: r =
-0.298, P = .047; Figure 3A) and HDL-C levels (r=-0.334,
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P = .043; Figure 3B). No significant correlation was
observed between the D-dimer and MIF concentrations
in either the plasma or urine obtained from AAV patients:
plasma MIF vs. D-dimer (r = 0.262, P = .080); urinary MIF
vs. D-dimer (r = 0.043, P = .814).

Plasma Migration Inhibitory Factor Is Correlated to
Coagulopathy Markers

In AAV patients, the plasma MIF levels had statisti-
cally significant positive correlations with prolonged
PT (r = 0.351, P = .018; Figure 4A), elevated INR (r =
0.346, P = .020; Figure 4B), extended APTT (r = 0.380,
P = .010; Figure 4C), increased FIB (r = 0.374, P = 017,
Figure 4D), and elevated FDP (r = 0.301, P = .047,
Figure 4E). Conversely, an inverse correlation was
observed between the MIF concentrations and PTA
(r=-0.346, P = .020; Figure 4F).

The Lack of Significant Association Between Plasma/
Urinary Migration Inhibitory Factor Levels and
In-hospital Thrombotic Events

The correlation analysis of urinary MIF levels and clini-
cal parameters in AAV patients revealed no significant
associations with general clinical markers. As detailed
in Table 2, the assessment of coagulation parameters
revealed a statistically significant inverse correlation
between urinary MIF and TT (r = -0.367, P = .039).

The observed correlations between plasma MIF and
coagulation parameters prompted the analysis of throm-
botic events. Among the 45 AAV patients, 7 (15.6%)
patients developed thrombotic complications during

Table 1. Baseline Characteristics of AAV Patients vs. Healthy Controls

AAV (n = 45) Healthy Controls (n = 16) t/x/z P
Gender (male/female) 18/27 8/8 0.483 487
Age 68.00 (60.00, 73.50) 64.50 (59.00, 68.00) -1.790 074
BVAS 8.98 +2.34 0 (0, 0) -5.987 <.001
HGB (g/L) 99.38 + 24.36 152.81 +13.89 -8.28]1 <001
WBC (10%/L) 8.09 (5.71,11.20) 5.92 (5.08, 6.87) -2.836 005
PLT (109L) 218.36 £108.07 226.63 + 56.35 -0.386 701
PT (s) 11.60 (10.75, 12.65) 10.85 (10.53, 11.00) ~2.511 012
INR 1.01 (0.94,11) 0.95 (0.91, 0.95) -2.424 .015
PTA (%) 84.34 +17.21 93.37 £5.72 -3.075 .003
APTT (s) 27.00 (24.70, 29.30) 27.25 (25.98, 27.98) -0.336 737
FIB (/L) 443 155 272 + 055 6.366 <001
TT () 16.90 (16.30, 17.90) 16.95 (16.35, 17.45) -0.246 806
SCr (umol/L) 389.00 (185.00, 631.00) 54.50 (48.50, 71.00) -5.673 <.001
ALB (g/L) 3213+ 71 4464 + 349 -9.055 <001
ALT (U/L) 14.20 (9.48, 28.00) 2250 (16.53, 28.33) -1.730 084
AST (U/L) 17.40 (13.00, 22.35) 16.40 (14.60, 19.63) -0.025 980

AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; ALB, albumin; ALT, alanine aminotransferase; APTT, activated partial throm-
boplastin time; AST, aspartate aminotransferase; BVAS, the Birmingham Vasculitis Activity Score; FIB, fibrinogen; HGB, hemoglobin; INR,
international normalized ratio; PLT, platelet count; PT, prothrombin time; PTA, prothrombin activity; SCr, serum creatinine; TT, thrombin time;

WBC, white blood cell count.
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Figure 2. The plasma macrophage migration inhibitory
factor (MIF) levels were significantly positively correlated
to the Birmingham Vasculitis Activity Score (BVAS) in
cytoplasmic antibody-associated

T
0 1000

anti-neutrophil
vasculitis patients.

hospitalization: 6 patients had deep vein thrombosis
(DVT) and 1 patient had cerebral infarction. In order to
evaluate the potential associations between MIF levels
and thrombotic risk, the patients were stratified into 2
groups: thrombotic event-positive (n=7) and thrombotic
event-negative (n=38). The plasma MIF concentration was
700.82 (504.52-1212.62) pg/mL in the thrombotic group
vs. 780.49 (424.33-1431.80) pg/mL in the non-thrombotic
group (U=132.00, P=.975). Similarly, the urinary MIF level
was 329.59 (206.16-439.06) pg/mL vs. 8815 (49.94-367.60)
pg/mL (U=42.00, P=.082). There were no statistically sig-
nificant differences observed in either of the comparisons.

Discussion

The present study revealed moderate correlations
between plasma MIF levels and coagulation dysfunction

Lv et al. Plasma MIF in ANCA-Associated Vasculitis

in AAV, including PT/APTT, hyperfibrinogenemia, and
elevated FDP. These findings establish plasma MIF as
a biomarker of thromboinflammatory dysregulation in
AAV, concurrently reflecting inflammatory activity and
coagulation dysfunction. Although plasma MIF exhib-
ited its potential predictive value for thrombotic risk
through its association with coagulation parameters, this
requires validation in larger cohorts, given the under-
powered thrombotic subgroup analysis. Targeting the
MIF-thromboinflammmatory axis represents a rational
therapeutic strategy to mitigate coagulation complica-
tions in AAV.

Anti-neutrophil cytoplasmic antibody-associated vas-
culitis predominantly affects middle-aged and elderly
populations, with heterogeneous clinical manifesta-
tions frequently involving renal and pulmonary systems
that may progress to ESRD.®” Substantial evidence
has indicated significantly elevated thrombotic risk
in AAV patients, including DVT, pulmonary embolism,
myocardial infarction, and cerebral infarction second-
ary to cerebral artery thrombosis.'®® Emerging clinical
and experimental data have implicated MIF as a pivotal
regulator of coagulation pathways in AAV pathogene-
sis.?® Therefore, the investigators hypothesized that MIF
potentiates thrombosis risk in AAV through the synergis-
tic promotion of procoagulant activity and inflammatory
responses.

Accumulating evidence has confirmed that MIF is highly
expressed by intrinsic renal cells, infiltrating macrophages,
and T lymphocytes, with elevated levels implicated in
the pathogenesis of immune-mediated nephropa-
thies, acute kidney injury, and other renal disorders.?'??
Notably, plasma MIF levels in active AAV significantly
exceed those in healthy controls and remission-phase
AAV patients,”? correlating to disease activity.”® This is a
finding corroborated by the present study.

Although the urinary MIF levels in the present AAV
cohort numerically increased when compared to healthy
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Figure 3. Plasma macrophage migration inhibitory factor (MIF) levels were significantly inversely correlated to the
estimated glomerular filtration rate (eGFR, panel A) and high-density lipoprotein cholesterol (HDL-C, panel B) in anti-

neutrophil cytoplasmic antibody-associated vasculitis patients.
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Figure 4. Association analysis between the plasma macrophage migration inhibitory factor (MIF) levels and coagulation
parameters in anti-neutrophil cytoplasmic antibody-associated vasculitis patients: prothrombin time (PT, panel A),

international normalized ratio (INR, panel B), activated partial thromboplastin time (APTT, panel C), fibrinogen (panel
D), fibrin degradation products (FDP, panel E), and prothrombin activity (PTA, panel F).

controls, this difference lacked statistical significance.
This contrasts with reports that revealed elevated urinary
MIF in proliferative glomerulonephritis (including cres-
centic forms) vs. non-proliferative disease and healthy
subjects, in which the levels correlated to renal injury
severity.?* This negative finding may reflect the limited
statistical power: the post-hoc analysis indicated only
32% power to detect a 30% MIF elevation («¢=0.05). Future
multi-center studies with larger cohorts are warranted
to validate the predictive utility of MIF for thrombosis.

Table 2. Correlation Analysis Between Urinary MIF Levels
and Coagulation Parameters in AAV Patients

r P
TT (s) -0.367 039
PLT (10%/L) -0.041 826
PT (s) 0.063 732
APTT (s) -0.091 620
FIB (g/L) 0.089 628
D-D (pg/mL) 0.043 814
FDP (pg/mL) 0.079 673

AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis;
APTT, activated partial thromboplastin time; D-D, D-dimer; FDP,
fibrin degradation products; FIB, fibrinogen; MIF, migration inhibi-
tory factor; PLT, platelet count; PT, prothrombin time; TT, thrombin
time.

Importantly, the present data established MIF as a bio-
marker of thromboinflammatory dysregulation, rather
than confirming a causal role.

Migration inhibitory factor propagates a pathogenic
thromboinflammatory cycle in AAV by simultaneously
driving neutrophil activation via enhanced ANCA antigen
translocation and coagulation initiation,”? thereby ampli-
fying the ANCA-mediated activation and release of tissue
factor-bearing microparticles and neutrophil extracel-
lular traps.?® These procoagulant effectors initiate the
extrinsic coagulation cascade, driving thrombin genera-
tion and fibrin formation, and mechanistically account-
ing for the observed positive correlations between MIF
and PT, INR, APTT, FIB, and FDP. In turn, thrombin upreg-
ulates endothelial MIF via PAR-1 signaling, while acti-
vated platelets both release the stored MIF and respond
to it through CXCR7, prolonging the survival and throm-
botic potential.?2® This bidirectional amplification sus-
tains the self-perpetuating MIF-thromboinflammatory
cycle that underlies persistent hypercoagulability in AAV
(Supplementary Figure ).

The present data supports the involvement of this mech-
anism, demonstrating a significant correlation between
plasma MIF and FIB alongside dysregulated coagula-
tion parameters (e.g. prolonged PT/APTT and elevated
FDP). These alterations collectively reflect the sustained
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thromboinflammatory activity in AAV. For future clinical
translation, plasma MIF monitoring (particularly when
combined with D-dimer) may enhance thrombotic risk
stratificationin high-risk AAV subgroups (e.g. PR3-ANCA+,
hypoalbuminemia, or eGFR <30 mL/min), pending its val-
idation in larger cohorts with adequate statistical power
for thrombosis prediction.

Collectively, these data positions plasma MIF not only
as a marker of AAV activity but also as a central node in
the inflammation-lipid-coagulation triad that drives both
renal and cardiovascular morbidity. Future studies should
incorporate serial MIF and lipid profiling during remis-
sion induction and determine whether the MIF blockade
(e.g. via small-molecule inhibitors or anti-MIF antibod-
ies) can restore HDL function and reduce thrombotic risk
in AAV. It is noteworthy that none of the patients in the
present treatment-naive cohort received statin therapy,
precluding the confounding by lipid-lowering agents.
Thus, the significant inverse correlation between plasma
MIF and HDL-C reflects a biologically plausible, statin-
independent association.

Although VTE is a well-documented complication in
AAV, its pathogenesis remains incompletely character-
ized, with identified risk factors, including PR3-ANCA
positivity, hypoalbuminemia, renal impairment, and
advanced age.” Although the present analysis of the 45
AAV patients revealed no significant difference in MIF
levels between the thrombotic and non-thrombotic sub-
groups, which was potentially due to the limited event
incidence during hospitalization, and the dynamic MIF
fluctuations uncaptured by single-point admission sam-
pling, patients who developed thrombosis had signifi-
cantly elevated WBC, PTA, D-dimer, and FDP, indicating
baseline prothrombotic and proinflammatory states.
This aligns with the evidence of persistent coagulation
abnormalities (e.g., elevated D-dimer in 40% of remis-
sion patients), reflecting the disease-phase-dependent
hemostatic dysregulation primarily driven by the intrin-
sic coagulation pathway.*° Although the present study
established significant correlations between MIF and
multiple coagulation parameters, the complex bidirec-
tional interplay within the MIF-thromboinflammatory
axis warrants further mechanistic investigation.

The present study revealed the significant inverse corre-
lation between plasma MIF levels and eGFR, indicating
that MIF elevation can reflect renal impairment in AAV,
although earlier chronic kidney disease studies have
attributed elevated MIF to oxidative stress/fendothelial
activation, rather than renal function® Furthermore,
recent evidence supports the present findings, in which
the low molecular weight (12.50 kDa) of MIF facilitates
glomerular filtration, suggesting that the correlation
stems from the combined effects of impaired renal clear-
ance and disease-driven overproduction.® The potential
of plasma MIF as a biomarker for eGFR decline and treat-
ment response warrants longitudinal validation. Urinary
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MIF had limited coagulation parameter associations
(merely a positive correlation with TT), which was likely
confounded by renal excretion dynamics.

The present study identified a significant inverse correla-
tion between plasmaMIFand HDL-Clevelsin AAV. Beyond
its cholesterol reverse transport function, high-density
lipoprotein (HDL) exerts anti-inflammatory, antioxidant,
and endothelial-protective effects*** Although HDL-C
concentration does not fully reflect HDL functionality,
its clinical measurement remains inversely associated
with atherosclerotic cardiovascular risk. These present
findings align with established MIF-cardiovascular event
associations,*® suggesting that elevated MIF may portend
increased thrombotic cardiovascular risk in AAV, includ-
ing myocardial infarction.***” Notably, dyslipidemia in
vasculitis correlates with endothelial damage, in which
hypertriglyceridemia predicts ESRD progression in MPA
via pro-fibrotic/inflammatory signaling and comple-
ment/coagulation cascade activation 38

The study limitations include the following: (1) the pres-
ent study had a single-center design with limited sam-
ple size; (2) there was a lack of serial MIF measurements
during thrombotic events, given the rapid secretion of
MIF during neutrophil activation; (3) undetected coagu-
lation factors restricted mechanistic exploration; (4) the
reported correlations between plasma MIF and coagu-
lation parameters were unadjusted and may have been
influenced by confounding factors, such as renal impair-
ment (which affects MIF clearance) and systemic inflam-
mation (reflected by BVAS, WBC, and CRP), necessitating
multivariable adjustment in future studies. Despite the
null correlations with ESR/CRP or complement, the
inflammation-endothelium-coagulation-complement
nexus remains crucial. The longitudinal tracking revealed
6 thrombosis cases within 2 years, underscoring the
imperative for future mechanistic and preventative
studies.

It is noteworthy that the present cohort was heavily
skewed towards MPO-ANCA positivity (43/45,96%), reflect-
ing a predominantly renal-involved, MPO-predominant
AAV population. This serotype distribution limits the
generalizability to PR3-ANCA-positive disease, which is
independently associated with heightened VTE risk.®
The MIF-thromboinflammatory associations observed in
the present study may thereby be most relevant to MPO-
driven pathophysiology, and the relationship between
MIF and thrombosis can differ by ANCA serotype. Future
studies should be adequately powered to stratify analy-
ses by MPO- vs. PR3-ANCA status, in order to clarify the
serotype-specific mechanisms and biomarker utility.

Plasma MIF serves as a biomarker that reflects disease
activity in AAV. Beyond its inverse correlations with renal
functionand HDL-Clevels, MIF hassignificantassociations
with coagulation dysfunction. These findings collectively
establish MIF as an indicator of thromboinflammmatory
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dysregulation in AAV, suggesting a potential role in its
pathogenesis that warrants mechanistic investigation.
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Supplementary Figure 1. Schematic representation of the proposed pathogenic ampilification loop linking migration
inhibitory factor (MIF), neutrophil activation, anti-neutrophil cytoplasmic antibody (ANCA), NETosis, tissue factor (TF)
release, and coagulation in ANCA-associated vasculitis (AAV). Elevated circulating or tissue MIF binds to CXCR4/CD74
on resting neutrophils, and primes these. Upon subsequent encounter with ANCA autoantibodies, primed neutrophils
undergo full activation via Fcy receptors and PR3/MPO engagement. Activated neutrophils release TF-bearing
microparticles, and form neutrophil extracellular traps (NETs) decorated with TF. These procoagulant structures trigger

extrinsic coagulation pathway activation and thrombin generation. In turn,thrombin further upregulatesthe endothelial
MIF release, and activates platelets, which serve as both an important source of circulating MIF and a target of MIF-
mediated activation. The resulting complement activation, endothelial injury, and microthrombosis amplify the
inflammatory-thrombotic cycle characteristic of active AAV. The model integrates clinical MIF-coagulation correlations
and experimental evidence, showing the ANCA-induced TF and NET release.




