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Abstract: Background: Galectin-1 (Gal-1) and galectin-3 (Gal-3) have emerged as promising biomarkers for diag-
nosing and managing rheumatoid arthritis (RA). This study aims to synthesize current evidence through a system-
atic review and meta-analysis to evaluate the clinical effectiveness of serum Gal-1 and Gal-3 as biomarkers for
monitoring disease severity and predicting clinical outcomes in RA patients. Methods: We conducted a compre-
hensive literature search in PubMed, Web of Science, and the Cochrane Library, including studies published up to
March 2024. Eleven observational studies were selected based on predefined inclusion criteria. The risk of bias in
these studies was assessed using the Cochrane Handbook for Systematic Reviews of Interventions. Data synthesis
and meta-analysis were performed using RevMan 5.3 software, with the study protocol registered at INPLASY (ID:
202460103). Results: The meta-analysis included 1213 participants (comprising 809 RA patients and 404 healthy
controls) from 11 studies. Serum levels of Gal-1 and Gal-3 were significantly higher in RA patients compared to
controls (MD=25.09 ng/ml, 95% Cl: 24.18-26.00 ng/ml, P<0.00001; MD=30.51 ng/ml, 95% CI: 29.10-31.93 ng/
ml, P<0.00001). Moreover, Gal-1 levels exhibited a positive correlation with RA disease activity markers, such as
the Erythrocyte Sedimentation Rate (ESR) and the Disease Activity Score 28 (DAS28). The analysis demonstrated a
correlation coefficient of r=0.24 (95% CI: 0.14-0.33, P<0.00001) between Gal-1 and RA disease activity, highlight-
ing a notable association. Similarly, Gal-3 showed significant positive correlations with ESR (r=0.29, 95% CI: 0.18-
0.40, P<0.00001), DAS28 (r=0.25, 95% Cl: 0.13-0.37, P<0.00001), and C-reactive protein (CRP) (r=0.15, 95% Cl:
0.05-0.26, P<0.00001). The overall correlation between circulating Gal-3 levels and RA disease severity indices
was r=0.23 (95% Cl: 0.16-0.29, P<0.00001). Conclusion: Gal-1 demonstrates significant potential as a biomarker
for diagnosing and managing RA. Monitoring Gal-1 and Gal-3 levels may provide valuable insights into early disease
assessment and progression, potentially improving treatment outcomes for RA patients.
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Introduction genetic predisposition, environmental triggers,
and immune dysfunction. Potential contributing
factors, including infections, hormonal imbal-

ances, and psychological stress, are thought to

Rheumatoid arthritis (RA) is a chronic autoim-
mune disorder that predominantly affects the

joints, causing significant morbidity and disabil-
ity worldwide [1]. This condition is character-
ized by inflammation of the synovial membrane,
resulting in pain, swelling, stiffness, and poten-
tially severe joint deformity and functional
impairment [2]. RA has systemic effects, aff-
ecting other organs such as the skin, blood
vessels, heart, lungs, and muscles, making it
a complex and multifaceted disease [3]. Whi-
le the exact etiology remains elusive, RA is
thought to result from a complex interplay of

play a role in disease onset [4]. Given the pro-
gressive nature of RA, early diagnosis and in-
tervention are critical to preventing cumula-
tive joint damage and preserving patients’ qual-
ity of life. A deeper understanding of the dis-
ease’s pathogenesis is crucial for developing
innovative diagnostic markers and treatment
approaches.

The galectin family of proteins, including Gal-1
and Gal-3, is known for their binding affinity to
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beta-galactoside sugars [5]. Both Gal-1 and
Gal-3 are involved in a range of cellular pro-
cesses, including cell growth, adhesion, apop-
tosis, and inflammation [6]. These proteins
have been implicated in the regulation of im-
mune responses, inflammation, and cancer
progression [7]. In the context of RA, Gal-1 and
Gal-3 have emerged as important immunoregu-
latory factors with potential roles in disease
diagnosis and pathogenesis [8]. Growing evi-
dence suggests a correlation between RA dis-
ease activity and the expression of Gal-1 and
Gal-3. In particular, research has shown a close
correlation between Gal-1 levels and RA dis-
ease activity, suggesting its utility as a diaghos-
tic marker [9]. In addition, Gal-3 plays a key ro-
le in regulating inflammatory responses and
apoptosis, which are integral to arthritis pro-
gression and pathophysiology [10]. However,
the exact association between Gal-1/3 expres-
sion and RA disease activity remains unclear,
with the existing literature offering variable and
sometimes conflicting results.

In this study, we performed a systematic re-
view and meta-analysis of available literature
to evaluate the diagnostic significance of Gal-
1/3 in RA and to explore their correlation with
disease activity. Our goal is to provide a clearer
understanding of the roles of these proteins in
RA, which could inform future diagnostic and
therapeutic approaches.

Materials and methods
Search strategy

This study followed the PRISMA guidelines for
systematic reviews and meta-analyses [11].
Two investigators independently searched the
PubMed, Web of Science, and Cochrane Library
databases for eligible publications. The search
spanned from the establishment of the data-
bases to March 2024. We focused on English-
language articles related to RA and the bio-
markers Gal-1 and Gal-3. The quality of the
publications was evaluated using the New-
castle-Ottawa Scale for observational research.
The literature search employed the following
terms: “Rheumatoid Arthritis”, “Arthritis, Rheu-
matoid”, “RA”, “Galectin-1", “Galectin-3”, “Gala-
ctoside-Binding Lectin 17, “Gal-3”, “Galactoside-
Binding Lectin 3”7, and “Gal-1". Additionally, we
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reviewed the references of selected studies
to identify any further relevant literature. The
meta-analysis protocol was prospectively re-
gistered at INPLASY (International Platform of
Registered Systematic Review and Meta-an-
alysis Protocols, 202460103).

Study selection

Inclusion criteria: (1) Participants who met
internationally recognized diagnostic criteria
for RA; (2) Studies involving adult populations
(age =18 years); (3) Observational investiga-
tions.

Exclusion criteria: (1) Secondary literature (sys-
tematic reviews, meta-analyses, narrative re-
views); (2) Duplicate publications or studies
with overlapping datasets; (3) Non-research
publications (e.g., case reports, commentaries,
and letters); (4) Studies lacking sufficient pri-
mary data for meaningful analysis. Any dis-
agreements during the literature screening pro-
cess were resolved through third-party arbi-
tration by an independent reviewer to ensure
methodological rigor.

Data extraction and quality assessment

Data extraction was performed by two indepen-
dent researchers, who systematically collected
specific information from each study. The data
retrieved included patient demographics, study
design, sample size, presence of Gal-1 and
Gal-3 in RA patients, disease activity mea-
sures, and relevant outcomes. Disagreements
between the researchers were resolved through
discussion and consensus.

An extraction table was employed to organize
the collected data, ensuring consistency and
accuracy. To evaluate the quality and risk of
bias in the included articles, we followed the
criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions. The evalu-
ation encompassed seven methodological do-
mains: (1) random allocation procedures, (2)
adequacy of allocation concealment, (3) effec-
tiveness of participant/provider blinding, (4)
objectivity of outcome assessor blinding, (5)
management of missing outcome data, (6)
strategies for minimizing selective reporting,
and (7) identification of potential confounding
factors. Each criterion was stratified into three
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Figure 1. A schematic diagram demonstrating the process of study selection

for the analysis.

classifications: low, high, or unclear risk of bias,
facilitating a thorough quality assessment of
the included studies.

Data analysis

Data analysis was conducted using RevMan
5.3. For continuous variables, we calculated
the mean difference (MD) and corresponding
95% confidence intervals (Cl). Heterogeneity
was assessed using the Q test and the |2 statis-
tic, with a significance threshold set at P<0.10.
In meta-analysis, the choice of model hinges on
the degree of heterogeneity. The fixed-effects
model is typically employed when heterogene-
ity is low, while the random-effects model is
used for studies with high heterogeneity. In this
study, based on the observed heterogeneity
as defined by the I? value, a random-effects
model was applied to estimate the summary
effect when 12 fell within the 75-100% (high-
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evaluate the robustness of
our findings across different
subpopulations or study char-
acteristics. Sensitivity analy-
ses were also conducted to
evaluate the stability of our
results, by excluding individu-
al studies to determine their

Records excluded

impact on the overall meta-
(n = 105) analysis outcomes. Fisher’s
Ztransformation was used to

standardize the correlation
coefficients from individual
studies, enabling the calcula-

Full-text articles excluded

tion of weighted averages and
95% confidence intervals (Cl).

with reasons
(n =84)

Results
Study selection

Figure 1 illustrates the search
results and the systematic
process of study selection. A
total of 318 articles were
identified through searches in
the PubMed, Web of Science,
and Cochrane Library data-
bases. After excluding 118
duplicates and 105 studies deemed irrelevant
based on titles and abstracts, we reviewed the
full texts of the remaining 95 studies. Following
a thorough evaluation, 84 articles were exclud-
ed for various reasons, leaving 11 observation-
al studies for inclusion in our meta-analysis. A
summary of the basic characteristics of each
included study is presented in Table 1.

Assessment of study quality

Methodological quality was evaluated using
the Cochrane Collaboration’s standardized bias
assessment framework (Figure 2). All studies
reported adequate procedural transparency
regarding randomization sequence generation.
Furthermore, completeness of reporting was
achieved via protocol adherence audits to mini-
mize selective outcome reporting. Notably, over
75% of the studies implemented outcome eval-
uator masking protocols and accounted for par-
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Serum Gal-3 levels in RA pa-
tients and healthy controls

This meta-analysis included
five publications with 389 RA
patients and 219 healthy con-
trols for the assessment of
serum Gal-3 levels. RA pa-
tients exhibited a marked
growth in serum Gal-3 con-
centration compared to con-
trols (MD=30.51 ng/ml, 95%
Cl: 29.10-31.93 ng/ml, P<
0.00001, Figure 4). This indi-
cates that elevated Gal-3 lev-
els may serve as a promising
biomarker or diagnostic mark-
er for RA.

Relationship between Gall
and RA disease activity score

The meta-analytic framework
incorporated Fisher’s Z-trans-
formation for standardization
of the extracted correlation
coefficients, followed by in-
verse-variance weighted pool-
ing to estimate precision-ad-
justed 95% Cls. This dual-

25%

o
B

. Low risk of bias I:‘ Unclear risk of bias

Figure 2. Graphic representation of the risk of bias and summary of the risk
of bias. A: Bias risk graph: evaluation displaying the percentage of all studies
with potential bias risks in the research. B: Summary of the risk of bias: as-

sessment of all bias items for each study.

ticipant attrition, enhancing the overall method-
ological rigor.

Serum Gal-1 levels in RA patients and healthy
controls

Five publications, involving 296 RA individuals
and 185 healthy controls, reported Gal-1 levels
in RA patients and healthy controls. The ser-
um Gall concentration was significantly elevat-
ed in RA patients compared to healthy controls
(MD=25.09 ng/ml, 95% CI: 24.18-26.00 ng/ml,
P<0.00001, Figure 3). This finding indicates
that serum Gal-1 levels are markedly elevated
in RA patients, suggesting its potential as a bio-
marker or diagnostic indicator for the disease.
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Il High risk of bias

stage analytical protocol en-
abled cross-study harmoniza-
tion of effect sizes, culminat-
ing in a synthesized correla-
tion estimate with quantified
statistical uncertainty. The
association between Gal-1
levels and ESR was evaluated
in two studies. A positive association was found
between Gal-1 and ESR (r=0.30, 95% Cl: 0.14-
0.46, P=0.0003), as well as DAS28 (r=0.26,
95% Cl: 0.11-0.42, P=0.0006). However, no
significant association was observed between
Gal-1 and CRP (r=0.12, 95% Cl: -0.06-0.30,
P=0.19). The comprehensive analysis of Gal-1
levels and RA disease activity yielded a correla-
tion coefficient of r=0.24 (95% Cl: 0.14-0.33,
P<0.00001) (Figure 5).

75%  100%

Relationship between Gal3 and RA disease
activity score

The relationship between Gal-3 levels and in-
dices of RA disease activity, including ESR,
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RA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Bably et al. 2023 348 3.2 40 3.1 1.89 40 62.5% 31.70[30.55, 32.85]
Mendez et al. 2018 522 46 75 152 252 75 0.6% 37.00[25.13, 48.87]
Triguero et al. 2020 39.1 83 52 84 104 52  6.3% 30.70[27.08, 34.32] -
Triguero et al. 2022 171 6.4 64 29 82 64 12.8% 14.20[11.65, 16.75] -
Xibillé et al. 2013 127 04 60 53 85 60 17.9% 7.40 [5.25, 9.55] -
Total (95% Cl) 291 291 100.0% 25.09 [24.18, 26.00] '
Heterogeneity: Chi? = 469.09, df = 4 (P < 0.00001); I? = 99% L t T y d
Test for overall effect: Z = 54.04 (P < 0.00001) -50 25 R AO Control 25 50

Figure 3. Forest-plot of the serum Gall levels in RA patients and healthy controls. Gal-1: Galectin-1; RA: rheumatoid

arthritis.

RA Control Mean Difference Mean Difference
Study or Subgroup _Mean __SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl
Anyfanti et al. 2019 58.8 9.5 85 186 6.8 85 32.3% 40.20[37.72,42.68] =
Lssa et al. 2015 189 7.6 21 53 4.2 21 145% 13.60[9.89, 17.31] -
Lssa et al. 2017 60.2 322 160 19.5 11.3 160 7.1% 40.70 [35.41, 45.99] -
Nielsen et al. 2023 283 7.7 41 6.8 4.5 41  26.8% 21.50([18.77,24.23] -
Nussdorf et al. 2024 496 136 124 139 122 124 19.3% 35.70[32.48, 38.92] -
Total (95% Cl) 431 431 100.0% 30.51[29.10, 31.93] ’
Heterogeneity: Chi? = 204.23, df = 4 (P < 0.00001); I = 98% t t T y t

50 25 0 25 50

Test for overall effect: Z = 42.34 (P < 0.00001) RA Control

Figure 4. Forest-plot of the serum Gal3 levels in RA patients and healthy controls. Gal-3: Galectin-1; RA: rheumatoid

arthritis.

DAS28, and CRP, was assessed across multi-
ple studies. Our analysis revealed a signifi-
cant positive correlation between Gal-3 and
ESR (r=0.29, 95% Cl: 0.18-0.40, P<0.00001),
DAS28(r=0.25,95% Cl: 0.13-0.37,P<0.00001),
and CRP (r=0.15, 95% CI: 0.05-0.26, P<
0.00001), as illustrated in Figure 6. The over-
all analysis of Gal-3 levels and RA disease activ-
ity yielded a correlation coefficient of r=0.23,
95% ClI: 0.16-0.29, P<0.00001 (Figure 6).
These findings suggest a potential link be-
tween elevated Gal-3 levels and increased RA
disease activity.

Risk of bias

Considering the limited number of studies, with
each analysis involving fewer than 10 studies
for individual risk factors, the sample sizes
were insufficient to achieve sufficient statistical
power to distinguish between random fluctua-
tions and true asymmetry in the funnel plots.
As such, the assessment of funnel plots for
estimating the risk of bias was not conducted
due to the insufficient number of data points.

Discussion

In this study, we conducted a systematic review
and meta-analysis to investigate the relation-
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ship between Gal-1/3 expression and disea-
se activity in RA, aiming to provide valuable
insights into clinical diagnosis and treatment.
We collected data on Gal-1/3 expression levels
and disease activity measures from relevant
studies and performed a meta-analysis to de-
termine the overall correlation between these
galectins and disease activity. The results re-
vealed a notable positive correlation between
the expression levels of both Gal-1 and Gal-3
and the disease activity in RA patients, sug-
gesting that elevated levels of these galectins
are closely associated with increased disease
activity. This implies that higher expression of
Gal-1/3 might serve as crucial markers of more
aggressive RA symptoms and progression.

Both Gal-1 and Gal-3 are well-recognized as
key inflammatory factors in RA, deeply impli-
cated in the activation and regulation of im-
mune cells, as well as in the complex inflamma-
tory cascade [16]. Research has highlighted
their critical role in the pathogenesis of RA,
with high expression levels frequently observed
in the synovial tissue of affected individuals,
where they are closely linked to disease activity
[47]. The prominent expression of Gal-1 and
Gal-3 in synovial tissue has sparked interest in
their potential as biomarkers for the diagnosis
of RA and tracking disease progression. No-
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Fisher's z Fisher's z
Study or Subgroup __ Fisher's z SE Weight |V, Fixed. 95% CI 1V, Fixed, 95% Cl
211 ESR
Bably et al. 2023 0.1123 0.1365 12.2% 0.11[-0.16, 0.38] -
Mendez et al. 2018 0.3966 0.1014 22.1%  0.40[0.20, 0.60] —
Subtotal (95% Cl) 34.3% 0.30 [0.14, 0.46] o
Heterogeneity: Chi? = 2.80, df = 1 (P = 0.09); I> = 64%
Test for overall effect: Z = 3.63 (P = 0.0003)
2.1.2 DSA28
Mendez et al. 2018 0.3308 0.1698 7.9% 0.33[-0.00, 0.66] -
Triguero et al. 2020 0.2067 0.1564 9.3% 0.21[-0.10, 0.51] 1T
Triguero et al. 2022 0.2109 0.1382 11.9% 0.21[-0.06, 0.48] T
Xibillé et al. 2013 0.3354 0.1563 9.3% 0.34[0.03, 0.64] -
Subtotal (95% CI) 38.4% 0.26 [0.11, 0.42] ’
Heterogeneity: Chi? = 0.65, df = 3 (P = 0.89); I = 0%
Test for overall effect: Z = 3.44 (P = 0.0006)
2.1.3 CRP
Triguero et al. 2022 0.1123 0.1056 20.4% 0.11[-0.09, 0.32] I
Xibillé et al. 2013 0.1452 0.1809 6.9% 0.15[-0.21, 0.50] -1
Subtotal (95% CI) 27.3% 0.12 [-0.06, 0.30] o
Heterogeneity: Chi? = 0.02, df =1 (P = 0.88); I = 0%
Test for overall effect: Z=1.32 (P =0.19)
Total (95% Cl) 100.0% 0.24 [0.14, 0.33] L 2
Heterogeneity: Chi? = 5.74, df = 7 (P = 0.57); I? = 0% 1 0 s 5 of - 1

Test for overall effect: Z =4.95 (P < 0.00001)

Test for subaroup differences: Chi2 =2.27. df =2 (P = 0.32). 2 =12.0%

Figure 5. Forest chart of the relationship between disease activity and serum Gal-1 levels in RA patients. Gal-1:
Galectin-1; ESR: erythrocyte sedimentation rate; DAS28: Disease Activity Score; RA: rheumatoid arthritis; CRP: C-

reactive protein.

tably, recent studies suggest that measuring
serum levels of Gal-1 and Gal-3 can be instru-
mental in identifying RA patients, particularly in
the early stages of the disease, when conven-
tional clinical markers may not be discernible
[18]. Monitoring fluctuations in Gal-1 and Gal-3
levels can also provide valuable insights into
treatment efficacy and the likelihood of disease
recurrence [19]. In addition, Gal-1 and Gal-3
have been proposed to influence joint damage
and repair by adhering to vascular endothe-
lial cells, promoting angiogenesis, and driving
inflammatory responses [20]. Furthermore, the-
se galectins interact with a variety of inflamma-
tory mediators and cytokines, further contribut-
ing to the complex pathological mechanisms
underlying RA [21, 22].

Our results clearly established an association
between both Gal-1 and Gal-3 and key indica-
tors of RA disease activity. Specifically, we
observed a positive correlation between these
galectins and disease activity, as measured by
indices such as DAS28 and ESR, which are
standard tools for evaluating the severity of RA
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and guiding therapeutic inventions [23, 24].
These findings have important clinical impli-
cations. The potential of Gal-1 and Gal-3 as
reliable biomarkers for disease activity could
enhance early RA detection, predict disease
progression, and assess treatment response.
Additionally, targeting Gal-1 and Gal-3 in thera-
peutic strategies may offer innovative avenues
for managing RA and improving patient out-
comes.

In addition, we explored the diagnostic and
prognostic value of Gal-1 in RA. Our findings
suggest that Gal-1 holds promise as both
a diagnostic and prognostic marker for RA.
Mendez et al. reported an AUC of 0.82 for Gal-1
in distinguishing RA patients from healthy con-
trols, while Barly et al. identified Gal-1 as a
potential biomarker with an exceptionally high
AUC of 0.999. Triguero et al. also reported AUC
values of 0.783 and 0.761 for RA prediction
based on Gal-1. While the correlation between
Gal-1 and RA disease activity is promising, fur-
ther analyses are required to validate these
findings. The efficacy of Gal-1 as a biomarker
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r r Fisher's z E_Weigh
2.1.1ESR
Anyfanti et al. 2019 0.1123 0.1365 5.9%
Gruszewska et al. 2020 0.3966 0.1014 10.7%
Lssa et al. 2015 0.1251 0.1373 5.8%
Lssaetal. 2017 0.1232 0.1541 4.6%
Nielsen et al. 2023 0.5178 0.1229  7.3%
Subtotal (95% Cl) 34.3%

Heterogeneity: Chi? = 8.85, df = 4 (P = 0.06); I> = 55%
Test for overall effect: Z=5.13 (P < 0.00001)

2.1.2 DSA28

Anyfanti et al. 2019 0.3308 0.1698  3.8%
Gruszewska et al. 2020 0.2067 0.1564 4.5%
Lssa etal. 2015 0.2109 0.1382 5.7%
Lssaetal. 2017 0.3354 0.1563  4.5%
Nielsen et al. 2023 0.1993 0.1417  5.5%
Nussdorf et al. 2024 0.2562 0.1545 4.6%
Subtotal (95% Cl) 28.6%

Heterogeneity: Chiz = 0.81, df =5 (P = 0.98); I = 0%
Test for overall effect: Z = 4.05 (P < 0.0001)

2.1.3CRP

Anyfanti et al. 2019 0.1363 0.1034 10.3%
Gruszewska et al. 2020 0.1532 0.1793 3.4%
Lssa etal. 2015 0.1278 0.1162  8.1%
Lssaetal. 2017 0.2142 0.2023 2.7%
Nielsen et al. 2023 0.1567 0.1231 7.2%
Nussdorf et al. 2024 0.1893 0.1428  5.4%
Subtotal (95% Cl) 37.1%

Heterogeneity: Chi? = 0.23, df =5 (P = 1.00); 1> = 0%
Test for overall effect: Z = 2.82 (P = 0.005)

Total (95% Cl)

Test for overall effect: Z = 6.89 (P < 0.00001)

100.0%
Heterogeneity: Chi? = 13.13, df = 16 (P = 0.66); I? = 0%

Fisher's z

IV, Fix % CI

0.11[-0.16,
0.40 [0.20,
0.13[-0.14,
0.12[-0.18,
0.52[0.28,

Fisher's z
1V, Fixed, 95% CI

0.38]
0.60]
0.39]
0.43]
0.76]

0.29 [0.18, 0.40]

0.33 [-0.00,
0.21[-0.10,
0.21 [-0.06,
0.34[0.03,
0.20 [-0.08,
0.26 [-0.05,
0.25[0.13,

0.14 [-0.07,
0.15[-0.20,
0.13[-0.10,
0.21[-0.18,
0.16 [-0.08,
0.19 [-0.09,
0.15 [0.05,

0.23 [0.16,

0.66]
0.51]
0.48]
0.64]
0.48]
0.56]
0.37]

0.34]
0.50]
0.36]
0.61]
0.40]
0.47]
0.26]

0.29]

Test for subgroup differences: Chi? = 3.24, df = 2 (P = 0.20), I = 38.3%

>

L 2

Figure 6. Forest chart of the relationship between disease activity and serum Gal-3 levels in RA patients. Gal-3:
Galectin-3; ESR: erythrocyte sedimentation rate; DAS28: Disease Activity Score; CRP: C-reactive protein.

Table 1. Key features of the observational studies that were part of the meta-analysis

Author (year) Detection method Cases of RA Controls Age* (years) RA duration
Mendez et al. (2018) [12] ELISA 80 29 45 (39-66) 8.5 (1-28)*
Triguero et al. (2020)[15] ELISA 52 24 52 (60-65) 4.6 (2.5-8.25)%
Triguero et al. (2022) [14] ELISA 64 52 55 (42-67) 4.9 (2.2-9.4)%
Xibillé et al. (2013) [25] ELISA 60 60 45.1+10.3 NA
Bably et al. (2023) [13] ELISA 40 20 42.65+12.90 7.9+3.1%
Lssa et al. (2017) [26] ELISA 160 119 53 (42-63) 14 (11-20)
Nussdorf et al. (2024) [27] ELISA 124 NA 56.5+12.26 6.8
Anyfanti et al. (2019) [28] ELISA 85 39 59.6£11.6 10 (5-18)
Gruszewska et al. (2020) [29] Chemiluminescent 82 30 58.8 (20-85) NA
microparticle immunoassay
Nielsen et al. (2023) [30] ELISA 41 15 50 (42-63) 3-6
Lssa et al. (2015) [31] ELISA 21 16 62 (46-69) 4.3(3.3-5.06)

Data were represented as median (range) or mean + SD; # represents years; & represents months. ELISA stands for enzyme-
linked immunosorbent assay; NA means not available; RA stands for rheumatoid arthritis.

must be evaluated in larger patient populations
and prospective studies. This research could
ultimately lead to improved strategies for man-
aging RA and enhancing patients’ quality of life.
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Our study has several limitations that should be
considered. First, variations in study design,
sample size, and patient disease status may
limit the accuracy of interpreting data compre-

Am J Transl Res 2025;17(5):3252-3260



Biomarkers Galectin-1 and Galectin-3 in RA disease activity

hensively. Moreover, the inclusion of only Eng-
lish-language studies may have introduced a
language bias. Given the limited number of
published studies in this field, the small num-
ber of reports included in this meta-analysis
may lead to insufficient statistical power and
reduce the reliability of the results. While meta-
analysis may have limitations when the avail-
able literature is sparse, it still provides valu-
able insights for clinical decision-making and
future research when appropriate measures
are taken.

In conclusion, our study highlights the signifi-
cant association between Gal-1/3 expression
levels and disease activity in RA patients. Both
Gal-1 and Gal-3 exhibit strong potential as bio-
markers for the diagnosis and treatment of RA.
Monitoring the expression levels of Gal-1 and
Gal-3 can facilitate early diagnosis and assess-
ment of disease activity, potentially improving
treatment strategies and patient outcomes.
Nevertheless, further research is necessary to
validate these findings and explore the underly-
ing mechanisms of Gal-1 and Gal-3 in RA, which
could pave the way for enhanced diagnostic
and therapeutic approaches for RA patients.

Disclosure of conflict of interest
None.

Address correspondence to: Qingging Wang, De-
partment of Rehabilitation Medicine, Dongying Peo-
ple’s Hospital (Dongying Hospital of Shandong Pro-
vincial Hospital Group), No. 317, Dongcheng South
1st Road, Dongying 257091, Shandong, China.
E-mail: wangqing0407@163.com

References

[1]  Cush JJ. Rheumatoid arthritis: early diagnosis
and treatment. Rheum Dis Clin North Am
2022; 48: 537-547.

[2] Diaz-Gonzalez F and Hernandez-Hernandez
MV. Rheumatoid arthritis. Med Clin (Barc)
2023; 161: 533-542.

[31 Chenl, LiS, ZhuJ, SuW, Jian C, Zhang J, Wu J,
Wang T, Zhang W, Zeng F, Chang S, Jia L, Su J,
Zhao Y, Wang J and Zeng F. Multi-omics profil-
ing reveals potential alterations in rheumatoid
arthritis with different disease activity levels.
Arthritis Res Ther 2023; 25: 74.

[4] DiMatteo A, Bathon JM and Emery P. Rheuma-
toid arthritis. Lancet 2023; 402: 2019-2033.

[5] Roldan-Montero R, Pérez-Saez JM, Cerro-Pardo
I, Oller J, Martinez-Lopez D, Nunez E, Maller

3259

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

SM, Gutierrez-Munoz C, Mendez-Barbero N,
Escola-Gil JC, Michel JB, Mittelbrunn M, Va-
zquez J, Blanco-Colio LM, Rabinovich GA and
Martin-Ventura JL. Galectin-1 prevents patho-
logical vascular remodeling in atherosclerosis
and abdominal aortic aneurysm. Sci Adv 2022;
8: eabm7322.

Yu X, Qian J, Ding L, Yin S, Zhou L and Zheng S.
Galectin-1: a traditionally immunosuppressive
protein displays context-dependent capacities.
Int J Mol Sci 2023; 24: 6501.

Bogut A, Stojanovic B, Jovanovic M, Dimitrijevic
Stojanovic M, Gajovic N, Stojanovic BS, Balovic
G, Jovanovic M, Lazovic A, Mirovic M, Jurisevic
M, Jovanovic | and Mladenovic V. Galectin-1 in
pancreatic ductal adenocarcinoma: bridging
tumor biology, immune evasion, and therapeu-
tic opportunities. Int J Mol Sci 2023; 24:
15500.

He YS, Hu YQ, Xiang K, ChenY, Feng YT, Yin KJ,
Huang JX, Wang J, Wu ZD, Wang GH and Pan
HF. Therapeutic potential of Galectin-1 and Ga-
lectin-3 in autoimmune diseases. Curr Pharm
Des 2022; 28: 36-45.

Hu J, Lu J, Zhang X, Wang C, Ren K, Chang Q, Ji
M, Pan W, Ma B and Fan W. Peptidomic analy-
sis on synovial tissue reveals galectin-1 de-
rived peptide as a potential bioactive molecule
against rheumatoid arthritis. Cytokine 2020;
131: 155020.

Hu J, Zhang R, Chang Q, Ji M, Zhang H, Geng R,
Li Cand Wang Z. p53: a regulator of ferroptosis
induced by Galectin-1 derived peptide 3 in
MH7A Cells. Front Genet 2022; 13: 920273.
Yanez-Baeza C, Aguilera-Eguia RA, Fuentes-
Barria H and Roco-Videla A. Importance of the
PRISMA guideline. Nutr Hosp 2023; 40: 670-
675.

Mendez-Huergo SP, Hockl PF, Stupirski JC,
Maller SM, Morosi LG, Pinto NA, Beron AM, Mu-
suruana JL, Nasswetter GG, Cavallasca JA and
Rabinovich GA. Clinical relevance of Galectin-1
and Galectin-3 in rheumatoid arthritis pa-
tients: differential regulation and correlation
with disease activity. Front Immunol 2018; 9:
3057.

El Bably MM, Abdel Aziz DM, Adly NN, Ali MA,
Khedr AS and El Leithy SA. Galectin-1 in psori-
atic arthritis, psoriasis, rheumatoid arthritis
and its relation with disease activity and skin
lesion. Egypt J Immunol 2023; 30: 73-82.
Triguero-Martinez A, Roy-Vallejo E, Tomero EG,
Montes N, Fuente H, Ortiz AM, Castaneda S,
Lamana A and Gonzalez-Alvaro I. Galectin-1: a
potential biomarker differentiating between
early rheumatoid arthritis and spondyloarthri-
tis. J Clin Med 2022; 11: 6313.
Triguero-Martinez A, de la Fuente H, Montes N,
Ortiz AM, Roy-Vallejo E, Castaineda S, Gonzalez-

Am J Transl Res 2025;17(5):3252-3260


mailto:wangqing0407@163.com

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Biomarkers Galectin-1 and Galectin-3 in RA disease activity

Alvaro | and Lamana A. Validation of galectin-1
as potential diagnostic biomarker of early
rheumatoid arthritis. Sci Rep 2020; 10: 17799.
Porcilincula-Gonzalez C, Cagnoni AJ, Fontana
C, Marino KV, Saenz-Méndez P, Giacomini C
and Irazoqui G. Structural insights in galectin-
1-glycan recognition: relevance of the glyco-
sidic linkage and the N-acetylation pattern of
sugar moieties. Bioorg Med Chem 2021; 44:
116309.

Martinez Allo VC, Hauk V, Sarbia N, Pinto NA,
Croci DO, Dalotto-Moreno T, Morales RM, Gatto
SG, Manselle Cocco MN, Stupirski JC, Delado-
ey A, Maronna E, Marcaida P, Durigan V, Secco
A, Mamani M, Dos Santos A, Catalan Pellet A,
Pérez Leiros C, Rabinovich GA and Toscano
MA. Suppression of age-related salivary gland
autoimmunity by glycosylation-dependent ga-
lectin-1-driven immune inhibitory circuits. Proc
Natl Acad Sci U S A 2020; 117: 6630-6639.
Reesink HL, Sutton RM, Shurer CR, Peterson
RP, Tan JS, Su J, Paszek MJ and Nixon AJ. Ga-
lectin-1 and galectin-3 expression in equine
mesenchymal stromal cells (MSCs), synovial
fibroblasts and chondrocytes, and the effect of
inflammation on MSC motility. Stem Cell Res
Ther 2017; 8: 243.

Reesink HL, Nixon AJ, Su J, Liu S, Sutton RM,
Mann S, Watts AE and Peterson RP. Galec-
tins-1 and-3 increase in equine post-traumatic
osteoarthritis. Front Vet Sci 2018; 5: 288.

Ge X, Shi K, Hou J, Fu'Y, Xiao H, Chi F, Xu J, Cai
F and Bai C. Galectin-1 secreted by bone mar-
row-derived mesenchymal stem cells mediates
anti-inflammatory responses in acute airway
disease. Exp Cell Res 2021; 407: 112788.
Cutine AM, Bach CA, Veigas F, Merlo JP, La-
porte L, Manselle Cocco MN, Massaro M, Sar-
bia N, Perrotta RM, Mahmoud YD and Rabinov-
ich GA. Tissue-specific control of galectin-1-
driven circuits during inflammatory responses.
Glycobiology 2021; 31: 891-907.

Li H, Zhao X, Zheng L, Wang X, Lin S, Shen J,
Ren H, Li Y, Qiu Q and Wang Z. Bruceine a pro-
tects against diabetic kidney disease via inhib-
iting galectin-1. Kidney Int 2022; 102: 521-
535.

Modarresi Chahardehi A, Masoumi SA, Bigde-
loo M, Arsad H and Lim V. The effect of ex-
ercise on patients with rheumatoid arthritis
on the modulation of inflammation. Clin Exp
Rheumatol 2022; 40: 1420-1431.
Walrabenstein W, Wagenaar CA, van der
Leeden M, Turkstra F, Twisk JWR, Boers M, van
Middendorp H, Weijs PJM and van Schaarden-
burg D. A multidisciplinary lifestyle program for
rheumatoid arthritis: the ‘plants for joints’ ran-
domized controlled trial. Rheumatology (Ox-
ford) 2023; 62: 2683-2691.

3260

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Xibillé-Friedmann D, Bustos Rivera-Bahena C,
Rojas-Serrano J, Burgos-Vargas R and Montiel-
Hernandez JL. A decrease in galectin-1 (Gal-1)
levels correlates with an increase in anti-Gal-1
antibodies at the synovial level in patients
with rheumatoid arthritis. Scand J Rheumatol
2013; 42: 102-107.

Issa SF, Christensen AF, Lindegaard HM, Het-
land ML, Hgrslev-Petersen K, Stengaard-Ped-
ersen K, Ejbjerg BJ, Lottenburger T, Ellingsen T,
Pedersen JK, Junker K, Svendsen A, Tarp U,
@stergaard M and Junker P. Galectin-3 is per-
sistently increased in early rheumatoid arthri-
tis (RA) and associates with anti-CCP seroposi-
tivity and MRI bone lesions, while early fibrosis
markers correlate with disease activity. Scand
J Immunol 2017; 86: 471-478.

Nussdorf A, Park E, Amigues |, Geraldino-Pardi-
lla L, Bokhari S, Giles JT and Bathon JM. Asso-
ciations of galectin-3 levels with measures of
vascular disease in patients with rheumatoid
arthritis. Semin Arthritis Rheum 2024; 65:
152357.

Anyfanti P, Gkaliagkousi E, Gavriilaki E, Trian-
tafyllou A, Dolgyras P, Galanopoulou V, Aslani-
dis S and Douma S. Association of galectin-3
with markers of myocardial function, athero-
sclerosis, and vascular fibrosis in patients with
rheumatoid arthritis. Clin Cardiol 2019; 42:
62-68.

Gruszewska E, Cylwik B, Gindzienska-Sies-
kiewicz E, Kowal-Bielecka O, Mroczko B and
Chrostek L. Diagnostic power of Galectin-3 in
rheumatic diseases. J Clin Med 2020; 9: 3312.
Nielsen MA, Kaster D, Greisen S, Troldborg A,
Stengaard-Pedersen K, Junker P, Hgrslev-Pe-
tersen K, Hetland ML, @stergaard M, Hvid M,
Leffler H, Kragstrup TW and Deleuran B. In-
creased synovial galectin-3 induce inflamma-
tory fibroblast activation and osteoclastogene-
sis in patients with rheumatoid arthritis. Scand
J Rheumatol 2023; 52: 33-41.

Issa SF, Christensen AF, Lottenburger T, Junker
K, Lindegaard H, Harslev-Petersen K and Junk-
er P. Within-day variation and influence of
physical exercise on circulating Galectin-3 in
patients with rheumatoid arthritis and healthy
individuals. Scand J Immunol 2015; 82: 70-
75.

Am J Transl Res 2025;17(5):3252-3260



