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Abstract

Background: de Quervain's disease is a well-recognized tendon disorder affecting the wrist, yet its
pathogenesis remains poorly understood. Some research indicates that the disease may stem from
intrinsic degeneration, while others suggest an inflammatory component. Autophagy, often initiated
by oxidative stress, plays a critical role in both degenerative and inflammatory conditions and could
be a significant factor in de Quervain's disease. However, the role of autophagy in this disease has
not been previously explored. This study aims to investigate the involvement of oxidative stress in de
Quervain's disease.

Methods: Specimens from the first dorsal retinaculum were collected from 45 patients diagnosed
with de Quervain's disease for analysis. These specimens were classified into mild, moderate, and
severe groups based on disease severity.

Results: The analysis revealed that levels of IL-6, LC-3, beclin-1, and Malondialdehyde (MDA) in the
retinaculum specimens correlated positively with the severity of de Quervain’s disease. Furthermore,
nitric oxide and lipid peroxidation levels were significantly elevated in the severe group compared to
the moderate and mild groups.

Conclusion: The results suggest that autophagy-related to oxidative stress may be a key factor in the
pathogenesis and progression of de Quervain's disease. Therefore, antioxidants could be potentially
useful in managing and preventing the progression of de Quervain’s disease.
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Introduction

de Quervain's disease, a stenosing tenosynovitis affecting the first dorsal compartment of the wrist, is a fre-
quent tendon disorder encountered in clinical practice.” A study suggests that de Quervain’s disease may
arise from an intrinsic degenerative mechanism rather than an inflammatory one.? Other studies indicate
that non-specific chronic inflammation is associated with the degree of histological changes.? In this study,
it is proposed that the mechanism regulating degeneration and inflammation is involved in the pathogen-
esis and development of de Quervain’s disease.

Autophagy plays a critical role in both degeneration and inflammation. It is a programmed process that can
ultimately lead to cell death. Under cellular stress conditions, such as oxidative stress, LC3 (light chain 3)-Il
and beclin-1 work together to form an autophagic vacuole, which is digested after docking and fusing with
a lysosome.* Autophagy is involved in the pathogenesis of various human degenerative diseases, includ-
ing neurodegenerative disorders,*® retinal degeneration,” intervertebral disc degeneration,®® and cartilage
degeneration.’”"" Additionally, the interaction between autophagy and the inflammatory response has
been revealed. Recent studies indicate that activating the autophagic pathway results in an increase in ILR/
TLR-dependent NF-kB pathway activation and subsequent pro-inflammatory mediator expression, such as
interleukin (IL)-1 and IL-6."2

Oxidative stress is a key regulatory pathway in the initiation of autophagy. It represents a status of imbal-
ance between oxidants, such as free radicals, and circulating antioxidants. Specific types of reactive oxygen
species (ROS) and reactive nitrogen species (RNS) include hydrogen peroxide, superoxide, peroxynitrite,
and nitric oxide (NO)."*'* Nitric oxide reacts with superoxide to generate peroxynitrite, a highly cytotoxic
free radical.” Furthermore, oxidative stress has been reported to increase autophagy,'® accumulating LC3-l
and inducing Drp1 (dynamin-related protein 1)-mediated mitochondrial fission, which further increases
mitophagy.”'® It is plausible that oxidative stress and autophagy participate in the pathogenesis of de
Quervain’s disease, although this has not been investigated previously. This study aims to investigate the
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role of oxidative stress and autophagy in the
development of de Quervain’s disease.

Methods

Ethics Statement

This study complied with the Declaration of
Helsinki, and the Institutional Review Board
of the E-Da Hospital approved the research
protocol (approval no: EMRP-111-045, date:
2022/04/21). Patients diagnosed with de
Quervain’s disease were thoroughly briefed
on the study’s objectives and procedures, and
they subsequently provided written consent to
participate. The study population consisted of
45 individuals, including 5 men and 40 women,
with an average age of 52 years, spanning from
22 to 83 years old. To maintain the integrity of
the study, patients with a history of systemic
inflammatory disorders, previous trauma, or
prior surgical interventions on the dorsal com-
partment of the wrist were excluded. The study
focused on patients who had been suffering
from de Quervain’s disease for over 3 months
and had not achieved relief through conserva-
tive treatments, making them candidates for
operative release.

Specimen Harvesting and Preparation
Specimens of the first dorsal retinaculum were
collected from 45 patients with de Quervain’s
disease who were undergoing open release
surgery. Local infiltration anesthesia with 3-4
mL of 2% lidocaine HCl was used, followed
by a 2 cm transverse skin incision made 1 cm
proximal to the radial styloid process, over the
first dorsal compartment. Care was taken to
identify and protect the sensory branches of
the radial nerve and nearby blood vessels. The
extensor retinaculum was then incised along
its dorsal margin to expose the Abductor pol-
licis longus (APL) and extensor pollicis brevis
(EPB) tendons. A longitudinal sample measur-
ing 3 mm by 5 mm was excised from the dorsal
portion of the extensor retinaculum, including
the fibrous sheath and adjacent synovium
covering the tendons. The incision was closed
using 3.0 or 4.0 absorbable sutures, and a
dressing was applied to the area.

Hematoxylin and Eosin and
Immunohistochemistry Staining

To evaluate collagen structure and identify tar-
get molecules, Hematoxylin and Eosin (H&E)
and Immunohistochemistry staining were
employed. Samples were first fixed in formalin,
then embedded in paraffin, and sliced into 4
pm-thick sections for H&E staining. For IHC stain-
ing, the samples were permeabilized using 0.01
M phosphate-buffered saline (PBS). Following
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50 % < Area (Grade Il + Grade Ill) < 100 %
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Figure 1. Criteria for grouping in the study: Severity was evaluated based on collagen fiber and
extracellular matrix characteristics. The grading system was as follows: Grade 1: Slight degradation
of the collagen structure with minimal waviness and slight splitting between contiguous fiber
bundles. Grade 2: Moderate degradation with some separation between bundles, increased
waviness, loss of parallel arrangement, and moderate fragmentation. Grade 3: Severe degradation
with a complete loss of fiber orientation and extensive fiber fragmentation. The groups—mild,
moderate, and severe—were defined according to the percentage of samples categorized as

Grade 1and 2.

this, they were blocked by incubating for 1
hour with a mixture of 5% normal goat serum,
0.1% bovine serum albumin, and 0.2% Triton-X
100 in 0.01 M PBS before the primary antibody
was applied. Monoclonal antibodies targeting
IL-6 (1:400), LC-3 (1:400), beclin-1 (1:400), MDA
(1:400), and PGx (1:100) (Zymogenetics, Seattle,
WA, USA) were utilized. Secondary antibodies,
biotinylated anti-mouse, or anti-rabbit, depend-
ing on the primary antibody’s source, were then
applied. Immunoreactivity was detected using
the Mouse/Rabbit PolyDetector HRP/DAB
System (Bio SB, Santa Barbara, CA), and sec-
tions were subsequently counterstained with
hematoxylin.

Grading System and Grouping Criteria

The stained slides were scanned and converted
into digital images. Two independent patholo-
gists evaluated the samples individually, and
their assessments were compared to establish
a consensus grade. The extent of degradation
was measured by examining the state of the
collagen fibers and the extracellular matrix
(ECM) (FIgure 1):

Grade 1: Slight degradation with minor wavi-
ness and minimal separation between
fiber bundles.

Grade 2: Moderate degradation with some
separation between bundles, increased
waviness, loss of parallel alignment, and
moderate fragmentation.

Grade 3: Severe degradation with a complete
loss of fiber orientation and extensive
fragmentation.

Samples were categorized into 3 groups
according to these grades:

Mild: 0% < Area (Grade 2+ Grade 3) < 25%.

Moderate: 25% < Area (Grade 2+Grade 3) <
50%.

Severe: 50% < Area (Grade 2 + Grade 3) < 100%.

Statistical Analysis

All measurements were expressed as mean +
SD. The analysis of the various graded regions
was conducted using GraphPad Prism 5.0
(GraphPad Software, Inc, La Jolla, CA). Data
were assessed using one-way analysis of vari-
ance (ANOVA), followed by Student's t-test
for comparison. A P-value of less than .05 was
deemed statistically significant.

Results

The expression of pro-inflammatory media-
tors in tissue samples from patients with de
Quervain’s disease was analyzed. To explore
the role of inflammation in the disease’s
development, -6 levels were measured.
Immunohistochemical (IHC) staining indi-
cated that the percentage of IL-6 positive cells
increased with disease severity, with signifi-
cantly higher IL-6 expression observed in the
severe group compared to the mild and mod-
erate groups (Figure 2).

Additionally, the expression of autophagy-
related proteins was evaluated. To understand
the involvement of autophagy in de Quervain's
disease, LC-3 and Beclin-1 expressions were
assessed. The IHC analysis revealed that LC-3
expression was significantly higher in the mod-
erate and severe groups compared to the mild
group (Figure 3). Moreover, Beclin-1 expression
was markedly higher in the severe group com-
pared to the mild and moderate groups (Figure 4).
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Figure 2. Immunohistochemistry (IHC) staining of IL-6 in tissue samples from de Quervain’s
disease patients. IL-6 protein appears brown (magnification x40). Data are expressed as means + SD
and analyzed by one-way ANOVA followed by Student’s t-test. Statistically significant differences
(P < .05) are marked with different letters, indicating significant variations between the severe
group and the moderate and mild groups.
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Figure 3. Immunohistochemistry staining of LC-3 in tissue samples from de Quervain's disease
patients. LC-3 protein is stained brown (magnification x40). Data are presented as means + SD
and analyzed by one-way ANOVA followed by Student’s t-test. Different letters denote statistically
significant differences (P < .05) between the severe and moderate groups compared to the mild
group. Identical letters indicate no significant difference between the moderate and severe
groups.
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To explore the role of oxidative stress in de
Quervain's disease, MDA levels (a marker of
lipid peroxidation) and GPx expression (a sig-
nificant antioxidant) were measured in tissue
samples from patients. A higher percentage
of MDA-positive cells was observed in tissues
with greater disease severity (Figure 5), while
GPx expression was notably lower in the severe
group compared to the mild group (Figure 6).

Additionally, lipid peroxidation levels were
assessed in wet tissue samples to further con-
firm oxidative stress involvement. MDA pro-
duction was significantly higher in the severe
group compared to the mild and moderate
groups, indicating increased oxidative stress
in more severe cases of de Quervain's disease
(Figure 7).

To investigate the role of nitric oxide in oxida-
tive stress associated with de Quervain's dis-
ease, nitrite levels were evaluated in wet tissue
samples. Nitrite production was significantly
higher in the severe group compared to both
the mild and moderate groups (Figure 8).

Discussion

In this study, it was demonstrated that levels
of oxidative stress and autophagy are related
to the severity of de Quervain's disease. It
was found that high levels of autophagy and
oxidative stress were present in more severe
cases. Additionally, autophagy-related mol-
ecules were highly expressed in these areas.
Therefore, it was suggested that increased
oxidative stress-associated autophagy may be
involved in the pathogenesis and progression
of de Quervain’s disease.

Autophagy has been proposed to play a crucial
role in regulating the inflammatory process'#*
It was anticipated that autophagy may influ-
ence the expression of inflammatory media-
tors observed in patients with de Quervain's
disease. Activating the autophagic pathway
leads to the activation of NF-kB, a nuclear
transcription factor!? Activated NF-kB enters
the cell nucleus and transcribes inflamma-
tion-related proteins, such as IL-6.?" Inhibiting
autophagy reduces the expression of pro-
inflammatory cytokines and the inflammatory
response in various experimental settings.'”
In this study, IL-6, as well as LC-3 and beclin-1
expression, were higher in the severe group
compared to the mild and moderate groups. It
is likely that increased autophagy is associated
with higher levels of inflammation in patients
with de Quervain’s disease. Previous studies
indicate that autophagy plays a regulatory role
in various degenerative diseases.? Therefore, it
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Figure 4. Immunohistochemistry staining of Beclin-1 in tissue from patients with de Quervain’s
disease. Beclin-1 protein appears brown (magnification x40). Data are shown as means + SD and
analyzed with one-way ANOVA followed by Student’s t-test. Different letters indicate statistically
significant differences (P < .05) in the severe group compared to the moderate and mild groups.

was suggested that autophagy, inflammation,  involved in the pathogenesis of de Quervain's
and degeneration may be critical mechanisms  disease.
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Figure 5. Immunohistochemistry staining of MDA in tissue samples from patients with de
Quervain's disease. MDA is stained brown (magnification x40). Data are presented as means + SD
and analyzed using one-way ANOVA followed by Student’s t-test. Different letters indicate
statistically significant differences (P < .05) between the severe group and the moderate and mild
groups.
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Besides these mechanisms, oxidative stress
may be a significant underlying cause of de
Quervain's disease. Oxidative stress is closely
related to mitochondrial dysfunction, as
mitochondria are both sources and targets of
reactive oxygen species.® Autophagy is com-
monly induced by oxidative stress in cells.##*
Increasing oxidative stress enhances the
activation of the autophagic pathway, while
inhibiting oxidative stress significantly reduces
autophagy.?® Nitric oxide, one of the RNS, reacts
with superoxide to generate peroxynitrite,
which can initiate further protein oxidation and
nitration.””?¢ Previous studies indicate that NO
increases LC3-Il accumulation, mitochondrial
fission, and mitophagy.” Furthermore, higher
levels of lipid peroxidation and lower levels
of glutathione peroxidase (GPx) were found
in the severe group compared to the mild or
moderate groups. In this study, higher levels
of lipid peroxidation (LPO) and NO were also
found in tissues removed from patients with
de Quervain’s disease. Thus, it was suggested
that oxidative stress may be another important
mechanism contributing to the severity of de
Quervain's disease.

Treatments for de Quervain's disease are lim-
ited due to its unknown etiology. While cur-
rent investigations focus on inflammatory
mediators that may predispose individuals
to this condition,*** other recently identified
risk factors include exposure to somatotropin
and genetic predisposition.®* Patients should
receive customized instructions based on their
specific clinical conditions, covering aspects
like activity, function, and pain management.
These instructions should be complemented
by appropriate interventions, which may
include nonsteroidal anti-inflammatory drugs
(NSAIDs), splinting, corticosteroid injections,
and, if needed, surgical options.**The choice of
intervention should be guided by the severity
and duration of the disease, as well as previous
treatments.>* Although new treatment options
for de Quervain’s disease, such as hyaluronic
acid injections, extracorporeal shockwave ther-
apy, acupuncture, ultrasonographic therapy,
and laser therapy, are becoming available, evi-
dence supporting their effectiveness remains
limited.* Therefore, deciding on the most suit-
able management approach can be challeng-
ing due to the range of available treatments
and their potential combinations. In light of
the findings, future treatment strategies for
de Quervain's disease should consider the
interplay between oxidative stress, autophagy,
and inflammation. While current anti-inflam-
matory therapies such as NSAIDs and corti-
costeroids target downstream inflammatory
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Figure 6. IHC staining of GPx in tissue from patients with de Quervain’s disease. GPx protein is
stained brown (magnification x40). Data are presented as means + SD and analyzed by one-way
ANOVA followed by Student’s t-test. Different letters indicate statistically significant differences
(P < .05) between the severe group and the mild group. The same letters signify no significant
differences between the mild and moderate groups, or between the moderate and severe groups.

mediators, they may not adequately address
the upstream drivers of cellular stress and
degeneration. As oxidative stress is a potent
inducer of both autophagy and inflamma-
tory signaling via pathways such as NF-kB*
8 combining anti-inflammatory agents with
antioxidants or other ROS-scavenging com-
pounds could provide a more comprehensive
therapeutic approach. Moreover, targeting

Tissue LPO levels
(MDA nmole/mg protein)
-

Mild

Moderate Severe

Figure 7. Levels of MDA production in tissue
from patients with de Quervain's disease. Data
are presented as means + SD and analyzed
using one-way ANOVA followed by Student’s
t-test. Different letters indicate statistically
significant differences (P < .05) in MDA
production between the severe group and
both the moderate and mild groups.

specific oxidative or autophagic pathways may
help prevent the chronic progression of tissue
degeneration and inflammation observed in
more severe cases.
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Figure 8. Levels of nitrite production in tissue
from patients with de Quervain's disease. Data
are shown as means + SD and analyzed using
one-way ANOVA followed by Student’s t-test.
Different  letters  represent  statistically
significant differences (P < .05) in nitrite
production between the severe group and the
mild group. lIdentical letters indicate no
significant differences between the mild and
moderate groups, or between the moderate
and severe groups.

An intriguing genome-wide association
study using publicly available data from the
Research Program in Genes, Environment,
and Health (RPGEH)—which included 4129
cases and 98 374 controls—found that
rs35360670 on chromosome 8 is significantly
associated with de Quervain's tenosynovitis.*
Located about 15 kb upstream of the MTSS1
gene’s transcription start site, rs35360670
is noteworthy. MTSST encodes metasta-
sis suppressor protein 1, which plays a role
in actin scaffolding and is often reduced in
various cancers.”® MTSS1 is also known to
inhibit cancer cell growth,*# suggesting a
possible connection to the association with
somatotropin exposure as a risk factor for de
Quervain’s disease.*® It was speculated that
a deficiency in certain growth suppressor
genes might lead to excessive cell growth in
the dorsal retinaculum, similar to the abnor-
mal synovial fibroblast proliferation observed
in rheumatoid arthritis, which contributes to
synovial inflammation and tissue damage.”
Single-cell sequencing of specific cell types
in de Quervain's tenosynovitis could provide
valuable insights into the disease’s molecular
mechanisms and potential new therapeutic
approaches.

A potential correlation between oxidative
stress and autophagy and the severity of de
Quervain's disease was found, indicating that
these cellular processes may influence the
progression or severity of the condition. These
results suggest that antioxidants could be
beneficial by alleviating symptoms or slow-
ing disease progression through mitigating
oxidative stress and downstream autophagy.
Consequently, incorporating  antioxidant
therapy alongside traditional anti-inflam-
matory treatments may offer a more effec-
tive, mechanism-based strategy to improve
patient outcomes. Future studies should
explore the therapeutic efficacy of antioxidant
and autophagy-modulating agents, ideally
through preclinical or clinical trials. In addition,
single-cell sequencing and molecular profiling
of affected tissues may uncover specific cell
populations or signaling pathways involved in
disease progression, opening new avenues for
targeted interventions.

Data Availability Statement: The data that support the
findings of this study are available on request from
the corresponding author.
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in accordance with the Declaration of Helsinki, and
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