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ABSTRACT

Introduction: Systemic sclerosis is an autoim-
mune disease characterized by tissue fibrosis
and microangiopathy. Vascular changes such as
a decrease in capillary density diminish blood
flow and impair tissue oxygenation. Reliable
ways to monitor disease activity and predict
disease progression are desired in the process of
patient selection for clinical trials and to opti-
mize individual patient outcomes. Hypoxia-in-
ducible factor-1 (HIF-1) is a dimeric protein
complex that plays an integral role in the body’s
response to hypoxia. Our study aimed to
investigate the potential abnormalities of HIF-
1a plasma concentration and its possible asso-
ciation with disease activity and vascular

abnormalities in patients with systemic
sclerosis.
Methods: Blood plasma levels of HIF-1a were
measured in patients with systemic sclerosis
(n = 50) and in healthy individuals (n = 30)
using commercially available ELISA test kits.
Results: The results showed a marked increase
in HIF-1a levels in patients with systemic scle-
rosis (3.042 ng/ml [2.295–7.749]) compared to
the control group (1.969 ng/ml [1.531–2.903]
p\0.01). Patients with diffuse cutaneous SSc
(2.803 ng/ml, IQR 2.221–8.799) and limited
cutaneous SSc (3.231 ng/ml, IQR 2.566–5.502)
exhibited elevated serum HIF-1a levels com-
pared to the control group (p\0.01). We found
a notable increase in HIF-1a plasma concentra-
tion in patients with an ‘‘active’’ pattern
(6.625 ng/ml, IQR 2.488–11.480) compared to
those with either an ‘‘early’’ pattern (2.739, IQR
2.165–3.282, p\0.05) or a ‘‘late’’ pattern
(2.983 ng/ml, IQR 2.229–3.386, p\0.05).
Patients with no history of digital ulcers had
significantly higher levels of HIF-1a (4.367 ng/
ml, IQR 2.488–9.462) compared to patients with
either active digital ulcers (2.832 ng/ml, IQR
2.630–3.094, p\0.05) or healed digital ulcers
(2.668 ng/ml, IQR 2.074–2.983, p\0.05).
Conclusions: Our results indicate that HIF-1a
may serve as a biomarker in assessing microcir-
culatory changes in individuals with systemic
sclerosis.
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Key Summary Points

Why carry out this study?

The study investigated the potential use of
hypoxia-inducible factor-1a (HIF-1a) as a
biomarker in assessing microcirculatory
changes in individuals with systemic
sclerosis (SSc). There is an unmet need to
identify reliable ways to monitor disease
activity and predict disease progression to
optimize individual patient outcomes and
to select patients for clinical trials

The study explored the association
between HIF-1a plasma concentration and
disease activity and vascular abnormalities
in patients with SSc

What was learned from the study?

HIF-1a plasma concentration was
significantly increased in patients with SSc
compared to healthy individuals,
irrespective of disease subtype

The study suggests a potential role of HIF-
1a as a valuable biomarker for assessing
microcirculatory changes

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune dis-
ease defined by vascular and immune dysfunc-
tion, manifesting primarily as fibrosis of the
skin and internal organs [1]. Two main subsets
of SSc are described according to the extent of
skin involvement: limited cutaneous SSc (lcSSc)
and diffuse cutaneous SSc (dcSSc) [2]. Microan-
giopathy and Raynaud’s phenomenon are the
clinical hallmarks and can be found in almost
all patients from the earliest stages of the disease
[3, 4]. The gradual reduction in the quantity
and diameter of vessels afflicted by SSc leads to

chronic hypoxia in both the skin and organs of
affected individuals [5]. The vascular aberra-
tions observed in SSc are marked by capillary
loss and structural alterations. Alterations in the
capillary network can be seen early in the course
of SSc using nailfold capillaroscopy (NFC) [6].
Proximal nailfold capillary abnormalities have
been associated with the development of digital
ulcers (DU) [7]. Ulcers on the fingertips pose a
significant clinical obstacle because of the
accompanying pain, risk of infection, and
eventual necrosis [8, 9].

During the last 15 years, attempts have been
directed toward identifying SSc at an early stage.
Previously suggested criteria, known as
VEDOSS, aim to detect early signs and symp-
toms of SSc in patients with Raynaud’s phe-
nomenon [10]. Patients with all signs or
symptoms of the VEDOSS criteria already fulfill
the 2013 American College of Rheumatol-
ogy–European League Against Rheumatism
(ACR–EULAR) classification criteria for SSc [11].
Patients who satisfy the criteria for early diag-
nosis of SSc often already exhibit digital ulcers
[10].

Inflammation and microvascular dysfunc-
tion appear to be the primary events that pro-
gressively trigger the fibrotic process [12, 13].
The precise etiology of fibrotic changes remains
only partially understood but may include
impaired communication between endothelial
cells, epithelial cells, and fibroblasts, as well as
lymphocyte activation, autoantibody produc-
tion, inflammation, and tissue fibrosis [14].
Angiogenesis, the formation of newly formed
capillaries from preexisting vessels via a well-
programmed cascade of events, is dysregulated
in SSc and cannot ensure an efficient vascular
recovery. Vascular injury induces hypoxia and
tissual ischemia which are the primary triggers
for angiogenesis [15].

Markers of endogenous hypoxia as well as
molecular responses to hypoxia have been
thoroughly detailed over the past two decades.

A growing body of evidence indicates that
hypoxia-inducible factor-1a (HIF-1a), a key
transcriptional factor involved in the response
to chronic hypoxia, may be implicated in the
pathogenesis of fibrotic diseases such as SSc
[16]. HIF-1 is a transcription factor that

1550 Dermatol Ther (Heidelb) (2023) 13:1549–1560



responds to changes in oxygen levels and
enables organisms to adapt to low-oxygen
environments. HIF-1 is composed of two dif-
ferent subunits: one a-subunit that is regulated
by oxygen levels, and one b-subunit that is
expressed continuously regardless of oxygen
levels [17]. Each subunit of HIF-1 contains basic
helix-loop-helix-PAS (bHLH-PAS) domains that
facilitate the binding of the two subunits toge-
ther and to DNA hypoxia response elements
(HREs) [18, 19]. Since there excess HIF-1b is
present in vivo, the transcriptional activity of
HIF-1 is mainly determined by the levels of the
HIF-1a subunit [20]. In addition to HIF-1, there
are two other isotypes in the hypoxia-inducible
factor family, known as HIF-2 and HIF-3, that
also play a role in transcriptional responses to
hypoxia, immunity, neovascularization, and
other stimulators [21, 22]. However, HIF-1 is
considered one of the most important hypoxia-
inducible factors involved in cellular metabo-
lism, tissue repair, and inflammation [22, 23].
The suspected functions of HIF-1 include stim-
ulation of excessive extracellular matrix, vas-
cular remodeling, and futile angiogenesis with
further exacerbation of chronic hypoxia [22].
HIF-1a signaling is associated with cardiovas-
cular, inflammatory, infectious, and metabolic
diseases [24, 25]. The rs12434438 polymor-
phism of the HIF-1 gene has been linked with a
predisposition to developing SSc [26].

Takagi et al. [27] demonstrated that the
HIF1A gene is a risk factor for developing pul-
monary arterial hypertension (PAH) in patients
with SSc. The authors found that the AA geno-
type at rs12434438 was associated with a subset
of patients with SSc and severe PAH, suggesting
that the rs12434438 single nucleotide poly-
morphism (SNP) may contribute to the devel-
opment of PAH with SSc [27].

Results of the study conducted by Mao et al.
[28] suggest that the HIF-1a/vascular endothe-
lial growth factor (VEGF) signaling pathway
may have a critical role in mediating the
hypoxia-induced endothelial to mesenchymal
transition (EndMT) seen in the cutaneous
microcirculation of patients with SSc [28]. It has
been suggested that endothelial cell damage is a
key event that triggers vascular remodeling,
intimal arteriole growth, capillary collapse, and

ultimately blood vessel occlusion [29]. The
importance of EndMT in the pathophysiology
of tissue fibrosis and fibroproliferative vascu-
lopathy, observed in various fibrotic diseases,
has been firmly established [30]. Thus, the role
endothelial cells (ECs) play in the vascular
alterations associated with SSc, as well as the
identification of associated biomarkers, are
common subjects of ongoing research [31, 32].

A remarkable breakthrough regarding early
diagnosis of the disease was made a few years
prior with the introduction of the new guideli-
nes enabling the diagnosis of SSc before the
onset of overt fibrotic symptoms [11]. Appro-
priate early augmentation of treatment can
prevent pathological vascular remodeling and
therefore abate the process of fibrosis [33, 34].
With the advent of advanced immunodiagnos-
tic techniques, many autoantibodies specific to
SSc have been described. Many of these
autoantibodies help predict clinical manifesta-
tions such as internal organ dysfunction and
the extent of skin involvement [35]. However,
identifying patients who are at risk of develop-
ing digital ulcers and determining which
patients are responding to vasoactive therapy
remains a challenge. For these reasons, the aim
of our study was to investigate the differences
between plasma concentration of HIF-1a, dis-
ease activity, and vascular abnormalities in
patients with SSc [36, 37].

METHODS

The study was cross-sectional and prospective in
design.

Patients

A total of 50 patients who were diagnosed with
SSc in accordance with the 2013 ACR/EULAR
classification criteria [11] were recruited.

Exclusion criteria included respiratory dis-
eases (PAH combined with interstitial lung dis-
ease, asthma, tuberculosis, pneumonia,
bronchial pneumonia, lung cancer, and other
pulmonary organic diseases), cardiovascular
diseases (history of heart failure or cardiomy-
opathy; coronary heart disease); chronic kidney
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disease (stage 3b–5); liver fibrosis; hemolytic
disease; active neoplastic disease or neoplastic
disease whose treatment has been completed in
the last 5 years (except for basal cell carcinoma),
pancytopenia or anemia, pregnancy, breast-
feeding, and acute infection or inflammation.

The control group consisted of individuals
matched for age, sex, and body mass index
(BMI). The presence of primary Raynaud’s phe-
nomenon was considered an additional exclu-
sion criterion in the control group.

All study participants underwent a compre-
hensive physical examination, and their
demographic data was collected via a ques-
tionnaire. A detailed medical history was
recorded, establishing the absence or presence
of pulmonary disorders such as pulmonary
hypertension and/or pulmonary fibrosis, eso-
phageal motility disorders (which were docu-
mented through imaging or endoscopic
examinations), and the duration of the disease.
In addition, medication use and cardiovascular
risk factors (such as smoking and hypertension)
were also documented.

Clinical Assessment

The clinical assessments included quantifica-
tion of various laboratory parameters such as
complete blood count, erythrocyte sedimenta-
tion rate (ESR), concentration of C-reactive
protein (CRP), lipid profile, as well as liver and
kidney function tests. Additionally, the level of
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was also measured from the peripheral
blood during routine checkups. Indirect
immunofluorescence and immunoblot analysis
were performed on HEp-2 cells to evaluate the
presence of antinuclear antibodies. Laboratory
and immunological parameters were extracted
from the patient’s medical records.

Microvasculature Assessment

The same investigator (MM) conducted a nail-
fold video-capillaroscopy (NVC) examination
on all patients with SSc using a Dino-Lite Cap-
illaryScope 200 MEDL4HMA USB digital micro-
scope (AnMo Electronics Corporation, Taiwan).

The capillaroscopic examination involved
acclimatizing the patients to room temperature
for 15–20 min (approximately 25 �C), followed
by examining eight fingers (II to V bilaterally).
To aid in imaging, a drop of paraffin oil was
applied to the nailfold area, and four images
were captured for each examined finger.

The microvascular abnormalities observed
were categorized as either early, active, or late
scleroderma patterns based on the criteria set
forth by Cutolo et al. [10].

Measurement of Serum HIF-1a
Concentration

Blood samples were collected once after an
overnight fast. The blood samples were then
centrifuged at 4000 rpm (15009g) for 10 min
within 15 min of their collection. The plasma
was subsequently collected and frozen
at - 80 �C to be analyzed later.

HIF-1a concentration was evaluated using a
commercially available enzyme-linked
immunosorbent assay (ELISA) kit (Human HIF-
1A ELISA Kit, Bioassay Technology Laboratory,
Shanghai, China), following the manufacturer’s
instructions. Each sample was subjected to
duplicate testing using identical equipment and
procedures in a single laboratory. The analytical
sensitivity was 0.01 ng/ml. For the ELISA anal-
yses mentioned above, intra-assay coefficients
of variation were below 4.9% and inter-assay
coefficients of variation were below 10%.

Statistical Analysis

Statistical analysis was performed using Statis-
tica software v.13.3 (TIBCO, Palo Alto, CA,
USA). The normal distribution of data was
checked using the Shapiro–Wilk test. Descrip-
tive statistics for continuous variables were
presented as either mean and standard devia-
tion (SD) or median and interquartile range
(IQR), depending on the distribution of data.
Categorical variables were expressed as numbers
and percentages. Non-parametric tests were
used because of the non-normal distribution of
data. The Mann–Whitney U test was used for
two independent samples, the Kruskal–Wallis
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test with post hoc Dunn analysis was used for
multiple independent comparisons, and the
Wilcoxon rank test was used for two paired
samples. Correlations between continuous
variables were analyzed using Spearman’s rank-
sum coefficient. Statistical significance was
considered at p values less than 0.05.

Ethical Statement

All participants gave their written informed
consent before entering the study. The study
was performed in accordance with the Helsinki
Declaration and the ethics committee’s autho-
rized protocol (KB/90/2018 of 21 May 2018;
Bioethics Committee at the Medical University
of Warsaw, Warsaw, Poland).

Between September 2019 and May 2022, a
cohort of individuals who had been diagnosed
with SSc were recruited and subsequently
attended outpatient or inpatient services.

RESULTS

Patient Characteristics

Table 1 depicts the anthropometric characteris-
tics of the study population. A total of 50 Cau-
casian patients with SSc (42 women, 8 men),
with a mean age of 56.4 years, along with 30
control individuals matched in age and sex (25
women, 5 men; mean age 52.1 years), were
included in the study.

HIF-1a Plasma Concentration in Systemic
Sclerosis

The HIF-1a plasma concentration in patients
with SSc was 3.042 ng/ml (IQR 2.295–7.749),
which was significantly higher compared to the
control group (median 1.969 ng/ml, IQR
1.531–2.903, p\0.01; Fig. 1).

In addition, we investigated whether there
was a difference between HIF-1a plasma con-
centration and different clinical phenotypes of
SSc. With regards to cutaneous subsets of SSc,
patients with dcSSc (2.803 ng/ml, IQR
2.221–8.799) and those with lcSSc (3.231 ng/ml,

IQR 2.566–5.502) had a higher HIF-1a plasma
concentration compared to the control group
(p\ 0.01). However, there was no significant
difference in HIF-1a plasma concentration
between the lcSSc and the dcSSc group (Fig. 1).

We did not observe any significant differ-
ences between HIF-1a plasma concentration
and age, BMI, Raynaud’s phenomenon, or dis-
ease duration.

When the patients were grouped according
to autoantibody production, no significant dif-
ference was observed between patients positive
for anti-RNA polymerase III (anti-RNAP) and
patients with other antibody types such as
anticentromere autoantibodies (ACA) or anti-
topoisomerase I autoantibodies (ATA). After
analyzing the HIF-1a plasma concentration in
patients with SSc, there were no observable
differences in the extent of skin fibrosis when
assessed by the modified Rodnan skin score
(mRSS) and pulmonary hypertension or eso-
phageal dysmotility. We did not observe dif-
ferences in serum HIF-1a concentration
between patients with and those without
interstitial lung disease nor did we find a cor-
relation between HIF-1a concentration and the
carbon monoxide diffusion capacity (DLCO).

Association Between HIF-1a
Concentration and Microvascular
Dysfunction in Systemic Sclerosis

After comparing HIF-1a plasma concentration
in patients with SSc and different nailfold
video-capillaroscopy patterns, we observed a
significant increase in HIF-1a plasma concen-
trations in patients with the ‘‘active’’ pattern of
the disease (6.625 ng/ml, IQR 2.488–11.480)
compared to those with the ‘‘early’’ pattern
(2.739, IQR 2.165–3.282, p\0.05) and the
‘‘late’’ pattern (2.983 ng/ml, IQR 2.229–3.386,
p\0.05, Fig. 2).

Regarding digital ulcers in the last
12 months, in patients with SSc, those without
DUs had significantly higher plasma concen-
trations of HIF-1a (4.367 ng/ml, IQR
2.488–9.462) compared to patients with either
active DUs (2.832 ng/ml, IQR 2.630–3.094,
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Table 1 Characteristics of the individuals with systemic sclerosis and control group

Systemic sclerosis (n = 50) Control (n = 30) p value

General characteristics

Age, years, mean (SD) 56.4 (11.8) 52.1 (11.7) 0.12

Sex, women, n (%) 42 (84.00%) 25 (83.33%) 0.94

Body mass index, kg/m2 23.56 (21.31–27.44) 25.29 (22.35–26.25) 0.67

Disease subset, n (%)

Limited cutaneous systemic sclerosis 27 (54%) – –

Diffuse cutaneous systemic sclerosis 23 (46%) – –

Systemic sclerosis duration since the diagnosis, years 6 (4–13) – –

Autoantibody positivity, n (%)

Antinuclear (ANA) 50 (100%) – –

Anticentromere (ACA), n (%) 23 (46%) –

Antitopoisomerase I (Topo I), n (%) 19 (38%) – –

Anti-RNA polymerase III, n (%) 5 (10%) – –

Interstitial lung disease, n (%) 29 (58%) – –

Esophageal dysmotility, n (%) 27 (54%) – –

Modified Rodnan skin score 4 (IQR 2–9) – –

Raynaud’s phenomenon, n (%) 50 (100%) – –

Digital ulcers, n (%) 18 (36%) – –

Nailfold capillaroscopy pattern, n (%)

‘‘Early’’ 12 (24%) – –

‘‘Active’’ 24 (48%) – –

‘‘Late’’ 14 (28%) – –

Immunosuppressive therapy, n (%)

Cyclophosphamide 3 (6%) – –

Methotrexate 12 (24%) – –

Mycophenolate mofetil 14 (28%) – –

Vasoactive therapy, n (%)

Alprostadil 45 (90%) – –

Bosentan 0 (0%) – –

Calcium channel antagonist 9 (18%) – –

Phosphodiesterase 5 inhibitors 27 (54%) – –

Sulodexide 29 (58%) – –
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p\0.05) or healed DUs (2.668 ng/ml, IQR
2.074–2.983, p\0.05) (Fig. 3).

DISCUSSION

We observed a significant elevation in the HIF-
1a plasma concentration among patients with
SSc compared to the control group. This finding
held true for both the subset of patients with
diffuse cutaneous systemic sclerosis and limited
cutaneous systemic sclerosis.

The findings of our research are consistent
with those reported by Heger et al. [38], which
showed that patients with SSc and secondary
Raynaud’s syndrome have higher serum levels
of HIF-1a protein and messenger ribonucleic
acid (mRNA) expression in monocytes than
healthy control subjects. Heger’s study included
patients with both diffuse and limited SS sub-
types, with approximately 40% of them having
digital ulcers at the time of inclusion [38]. Mao
et al. [28] reported increased expression of HIF-
1a in skin biopsies obtained from patients with
SSc compared to healthy tissue samples, which
is consistent with our findings. However, the
study was limited by its small sample size,

Fig. 1 Comparison of the hypoxia-inducible factor-1a
(HIF-1a) plasma concentration [ng/ml] in control group,
all individuals with systemic sclerosis (SSc), patients with
limited cutaneous SSc (lcSSc), and patients suffering from
diffuse cutaneous SSc (dcSSc)

Fig. 2 Comparison of the hypoxia-inducible factor-1a
(HIF-1a) plasma concentration [ng/ml] in patients with
systemic sclerosis (SSc) and different nailfold capil-
laroscopy (NFC) patterns: ‘‘early’’, ‘‘active’’, and ‘‘late’’

Fig. 3 Comparison of the hypoxia-inducible factor-1a
(HIF-1a) plasma concentration [ng/ml] in patients with
systemic sclerosis without digital ulcers (DUs), with healed
DUs, and with active DUs
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including only eight healthy controls and eight
patients with diffuse cutaneous SSc [28].

The aforementioned studies lacked data
regarding the potential correlation between
HIF-1a levels and specific subtypes of SSc, as
well as the evaluation of microcirculation
abnormalities observed in capillaroscopy. Thus,
our study serves as a significant complement to
these prior investigations, enhancing knowl-
edge on associations of HIF-1a with disease
activity. We did not find a significant difference
in HIF-1a concentration between the limited
and diffuse cutaneous SSc groups. However, our
findings revealed a significant correlation
between elevated HIF-1a levels and microcircu-
latory dysfunction in patients with SSc, as evi-
denced by the abnormalities observed in
nailfold capillaroscopy. Specifically, patients
with the ‘‘active’’ pattern of the disease exhib-
ited significantly higher levels of HIF-1a com-
pared to those with the ‘‘early’’ or ‘‘late’’ pattern.

Vascular damage, which can be observed in
capillaroscopy, is an inherent and prominent
characteristic in the clinical presentation of SSc
[39]. The ‘‘early’’ pattern of SSc is defined by the
presence of a limited number of giant capillaries
and microhemorrhages, the absence of avascu-
lar regions, and a relatively well-preserved cap-
illary distribution. At this stage, loss of
capillaries, vascular architectural disorganiza-
tion, and ramified capillaries are uncommon.
The ‘‘active’’ pattern exhibits a significant
increase in nailfold capillary aberrations in
comparison to the ‘‘early’’ pattern and is char-
acterized by numerous giant capillaries and
microhemorrhages, moderate capillary loss
(20–30%), and a slightly disorganized capillary
architecture with very few branched capillaries.
In the ‘‘late’’ pattern a significant absence of
giant capillaries and microhemorrhages, exten-
sive avascular regions (with a 50–70% capillary
loss), a large number of branched and ramified
bushy capillaries (indicative of neoangiogene-
sis), and complete disarray of the capillary
arrangement are seen serving as a hallmark of
advanced microcirculation disease [40]. HIF-1a
might promote dysregulation of angiogenesis
and vasculogenesis, resulting in the abnormali-
ties that can be observed in nailfold capillaries
[41].

In contrast to our results, in a study by
Ioannou et al. [16], the expression of oxygen-
regulated subunit of HIF-1 and VEGF in the skin
biopsies in patients with SSc were increased, but
there were no statistically significant differences
in the expression of HIF-1a and VEGF between
patients at different stages of progression (early,
active, or late, classified according to capillaro-
scopic and clinical criteria). In our study, we
specifically analyzed blood-circulating HIF-1a
levels. The dynamics and interrelation of skin
and blood-circulating HIF-1a are still not well
defined and require further investigation.

Previous studies examining HIF-1a levels did
not analyze the relationship between HIF-1a
levels and the existence of ulcers [28, 38].
According to our results, patients with SSc
without digital ulcers had significantly higher
levels of HIF-1a compared to patients with SSc
and either active or healed digital ulcers. This
observation, coupled with the finding of ele-
vated HIF-1a levels in patients with SSc and
‘‘active’’ but not ‘‘early’’ or ‘‘late’’ capillaroscopic
patterns could indicate the role of this bio-
marker in identification of patients without the
history of ulcers but during acute acceleration
in the process of ischemia. We consider this
observation to be hypothesis-generating and
believe it warrants prospective validation in
future studies. The objective would be to iden-
tify a subgroup of patients early in the disease
stage who have never experienced ulcers but
may be at a higher risk of developing them.

Biomarkers related to angiogenesis have
been thoroughly investigated in patients with
SSc and further explored as potential indicators
of organ involvement. Among these biomark-
ers, VEGF has been the most extensively
researched angiogenic mediator. It is a powerful
angiogenic factor that encourages the migra-
tion, proliferation, and survival of ECs as well as
endothelial precursor cells. Distler et al. dis-
covered higher levels of VEGF in patients with
SSc who did not have fingertip ulcers, which
further suggests a potential protective effect of
VEGF [42]. The generation of new blood vessels
is crucial in the process of repairing damaged
tissues. VEGF, a target gene of HIF-a, was con-
sidered the most potent endothelial-specific
mitogen among those that mediate the process
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of vascular remodeling [43]. However, studies
have shown that microvascular ECs isolated
from patients with SSc have impaired responses
to growth factors, including VEGF, which can
result in insufficient angiogenesis [44]. VEGF is
well known for its role in promoting angio-
genesis, and its association with HIF-1a is well
established [45]. The hypoxia-inducible factor is
a pivotal transcription factor induced under
hypoxia which transactivates target genes such
as VEGF [46]. VEGF is a major transcriptional
target for HIF-1. Signaling through VEGF
receptors has been reviewed [47, 48]. HIF-1
stimulates the production of extracellular
matrix fibers, inducing vascular remodeling
which leads to abnormal angiogenesis, ulti-
mately resulting in the exacerbation of hypoxia
[49].

The serum concentration of HIF-1a seems to
be related to the current state of microcircula-
tory damage. Heger et al. [38] investigated the
impact of different treatments on serum HIF-1a
levels in patients. The authors conducted a
randomized, single-center study to compare the
therapeutic outcomes of prostaglandin E1

(PGE1) monotherapy versus the co-administra-
tion of PGE1 and an endothelin-1 blocker,
bosentan. The authors also found that patients
receiving single-drug therapy demonstrated an
increase in HIF-1a expression, while patients
undergoing combined therapy showed no sig-
nificant differences in HIF-1a expression with a
tendency toward lower expression. An increase
in HIF-1a expression in patients treated with
only a single drug may be due to disease pro-
gression and further deterioration of microcir-
culation which was prevented in the dual-
therapy group [38]. Once again, these findings
suggest the potential usefulness of HIF-1a as a
biomarker for disease diagnosis and monitoring.

It is important to acknowledge the limita-
tions of our study and interpret the results
accordingly. The small number of participants is
due to the rarity of the disease and the strict
inclusion criteria. However, these criteria were
necessary to minimize potential biases by con-
trolling factors that could influence baseline
levels of HIF-1a. Replicating these findings in
larger patient cohorts is warranted, and further
prospective evaluation of HIF-1a in patients at

the early stages of the disease would contribute
to expanding our knowledge in this field.

CONCLUSION

Vascular abnormalities are important clinical
causes of morbidity and mortality in patients
with SSc. Our study demonstrates that HIF-1a
plasma concentration is significantly elevated
in patients with SSc and was able to differentiate
between those with ‘‘active’’ from ‘‘early’’ and
‘‘late’’ patterns of vascular damage in capil-
laroscopy. These findings emphasize the
potential clinical utility of HIF-1a in evaluating
microcirculatory changes and vascular abnor-
malities in patients with SSc. This holds promise
in aiding the identification of individuals who
are still in the early stages of the disease but at
risk of disease progression.
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