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Objectives: Lymphocytes and their subsets are implicated in both the onset and
remission of gout. However, the specific roles in gout recurrence and complete
remission remain unclear. This study aimed to characterize lymphocyte
immunophenotypes across different stages of gout and developed a predictive
model for remission and recurrence of gout.

Methods: Plasma levels of 75 lymphocyte immunophenotypes were determined
using multiplex flow cytometry in patients with acute gout flare (AG, n=78), gout
remission (RG, n=63), and healthy controls (NC, n=66). Lymphocyte
immunophenotyping candidates and significant clinical parameters were
subjected to LASSO regression for conducting a predictive model.

Results: Significant variations in lymphocyte profiles were identified among the
groups. A combination of T peripheral helper cells, virus-specific cytotoxic
natural killer (NK) cells, inhibition of V81 and V&2 cells, along with BMI, eGFR,
hemoglobin, uric acid, distinguished RG from NC (AUC=0.934). Similarly,
inhibition of V82 cells, virus-specific cytotoxic NK cells, inactive and terminally
differentiated virus-specific CD8% T cells, plus hematological parameters,
classified RG from AG (AUC = 0.814) and predicted gout recurrence in a one-
year follow-up validation cohort (AUC = 0.724). Inhibition of V82 cells and virus-
infected specific cytotoxic NK cells are strongly associated with gout recurrence
and complete remission.

Conclusion: Significant alterations in lymphocyte immunophenotypes, notably
the inhibition of V82 cells and virus-infected specific cytotoxic NK cells during the

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1540429&domain=pdf&date_stamp=2025-04-17
mailto:pengai@tongji.edu.cn
mailto:tzhinan@jnu.edu.cn
https://doi.org/10.3389/fimmu.2025.1540429
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1540429
https://www.frontiersin.org/journals/immunology

Yu et al.

10.3389/fimmu.2025.1540429

transition from gout recurrence to complete remission, provide compelling
evidence to enhance the clinical delineation of gout stages and propel
mechanistic investigations into the progression of gout.

lymphocyte immunophenotype, gout remission, gout recurrence, predictive model,

conversion pattern

1 Introduction

Gout, a prevalent and complex form of arthritis, is triggered by
the deposition of monosodium urate (MSU) crystals in joints and
tissues, leading to systemic inflammation and tissue damage (1, 2).
This condition is characterized by acute flares, periods of remission,
and the potential recurrence after symptoms subside (3, 4).

Recently, one study proposed preliminary criteria for remission,
including serum uric acid, acute attacks, gout tophi, pain, and overall
patient assessment (5, 6). Another study using dual-source computed
Tomography (CT) demonstrates that some crystal deposition may still
be present in patients meeting aforementioned criteria (7). While
preventing recurrent gout flares is a priority for improving outcomes,
the conversion in disease patterns of gout remain poorly understood.

The role of immune cells, particularly through innate immunity
mechanisms, has been recognized as pivotal in the pathogenesis of gout
(3, 8). While the involvement of tissue macrophages and monocyte-
derived macrophages in joints has been extensively studied, the
transition of lymphocytes from gout remission to flare is still unclear
(9-12). Previous studies highlight the role of various T lymphocytes in
gouty arthritis, noting that T helper (Th)17, Th1, Th9, Th22, and YT
cells play an enhancing role in gout attacks, while Tregs and Th2 cells
have a suppressive effect (10, 13). Our preliminary findings indicate
significant immune cell dysregulation in patients with gout flare and
remission. More importantly, even patients in remission exhibit T cell
subtypes distribution markedly different from that of healthy
individuals (13, 14).

Given the potential involvement of lymphocytes in the transition
from gout remission to its recurrence, we characterize the circulating
immunophenotypes of lymphocytes in the plasma across various stages
of gout, and subsequently, based on their featured changes to develop a
predictive model for complete remission and potential recurrence
of gout.

2 Materials and methods
2.1 Participants
This prospective cohort study (NCT05522504) was conducted in

accordance with the Declaration of Helsinki and approved by the
Institutional Review Board, Medical Ethics Committee of Shanghai
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Tenth People’s Hospital of Tongji University (SHSY-IEC-4.1/21-246/
01). Informed written consent was obtained from all participants.

Participants experiencing a gout flare were included if they met
the following criteria: 1) aged 18-80 years; 2) onset of acute gout
flare within the past 24 hours, meeting the 2015 American College
of Rheumatology (ACR)/European League Against Rheumatism
(EULAR) classification criteria (15); 3) no treatment received in the
three days before blood sampling; 4) detection of MSU crystals by
B-mode ultrasonography or dual-source dual-energy CT.

Participants in gout remission were included if they met the
following criteria: 1) aged 18-80 years; 2) previous gout diagnosis
according to the ACR Board of Directors and the EULAR Executive
Committee (15); 3) absence of clinical manifestations—redness,
swelling, heat, and pain in local joints or bursae—for at least three
months since the last gout flare; 4) normal erythrocyte sedimentation
rate and C-reactive protein levels over the past three months (5);
detection of MSU crystals by B-mode ultrasonography or dual-source
dual-energy CT.

Exclusion criteria for gout patients were: (1) unwillingness to
participate; (2) acute infection or treatment for infections (viruses,
bacteria, fungi, rickettsiae, spirochetes, or parasites) in the last three
months; (3) receipt of any vaccines, including rabies, influenza, or
corona virus disease 2019 (COVID-19) vaccines, in the last three
months; (4) blood transfusion, significant blood loss, donation of 200
mL or more, receipt of transfusions, or use of blood products in the
past three months; (5) immunodeficiency or immunosuppression; (6)
use of corticosteroids or indomethacin in the past three months; (7)
septic arthritis or other joint diseases (e.g., rheumatoid arthritis); (8)
renal dysfunction (estimated glomerular filtration rate <30 mL/min/
1.73 m?); (9) other conditions that may elevate serum uric acid levels.

The inclusion criteria for the control group were as previously
described (14): (1) aged 18-80 years; (2) no self-reported or clinically
diagnosed history of hyperuricemia or gout; (3) no treatment received
in the three days before blood sampling. The exclusion criteria were
identical to those for the gout patients. The three groups were fully age-
matched (statistical significance >0.1).

2.2 Blood sample collection

Peripheral venous blood samples were collected from gout patients.
Two milliliters of venous blood from each patient were added to
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vacuum tubes containing anticoagulant ethylenediaminetetraacetic
acid (EDTA) solution for peripheral blood cell counts and
biochemical examinations. An additional four milliliters of venous
blood were collected in vacuum tubes for flow cytometry. Peripheral
blood mononuclear cells (PBMCs) were isolated using Ficoll density
gradient centrifugation (16). The flow cytometry and blood
biochemical analyses were performed on the same blood samples. All
examinations were conducted at the Department of Laboratory
Medicine of Shanghai Tenth People’s Hospital.

2.3 Flow cytometry analysis

Centrifuge antibody briefly (3000 rpm, 4°C) and prepare the
antibody working solution according to the antibody manual (the
overall system antibody ratio is 1:10), gently vortex, and set on ice for
use. Transfer 100 pul of human whole blood into a labeled flow tube,
mix the prepared antibody working solution well and add 10 pl to the
whole blood. Gently vortex to mix, and incubate in the dark at 4°C for
30 minutes. After incubation, add 2 ml of red blood cell lysing solution
to the flow tube and immediately vortex to mix. Lysis at room
temperature for 10 minutes, observe if the liquid clarifies, and if
clear, centrifuge at 1000 rpm for 5 minutes. Remove the flow tube
from the centrifuge, discard the liquid in the tube to a waste bottle, and
gently invert on paper to dry the tube opening. Add 2 ml of 1x
phosphate buffer solution (PBS) for washing, centrifuge at 1500 rpm
for 5 minutes, remove the supernatant, then add 200 pl of 1xPBS to
resuspend, mix well before testing. After washing, the samples were
immediately analyzed using BD FACSverse. Detailed information on
the categorization of T, B, and NK cell labels is provided in
Supplementary Tables 1, 2. Moreover, we provide representative flow
cytometry plots demonstrating how we identified and analyzed specific
cell populations (Supplementary Figures 1-3).

2.4 Development and assessment of
prediction model

To select candidates for lymphocyte immunophenotyping,
orthogonal partial least squares—discriminant analysis (OPLS-DA)
was performed to explore discrimination among lymphocyte
subtypes. An S-plot was constructed to visualize the contribution of
lymphocyte subtypes to group discrimination. Variable importance in
projection (VIP) values for each lymphocyte subtype were calculated to
indicate their contributions to sample classification. Variables with VIP
values greater than 1 were considered significant for discriminating the
groups. Lymphocyte immunophenotyping candidates (VIP > 1 and P <
0.05) and significant clinical parameters (P < 0.05) were subjected to
least absolute shrinkage and selection operator (LASSO) regression.
Correlation coefficients between factors were then calculated, and a
predictive scoring formula was established based on the expression
levels of each factor multiplied by their corresponding regression
coefficients. The predictive efficacy of the model and other
lymphocyte immunophenotyping candidates was evaluated using
receiver operating characteristic (ROC) curves. Diagnostic
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parameters, including AUC, sensitivity, and specificity, were
determined using the “pROC” package. A nomogram was
constructed to estimate the probability of recurrence based on the
risk score and other factors. All identified biomarkers were then
validated using random forest with 10-fold cross-validation,
implemented through the R package “caret”.

2.5 Statistical analysis

All statistical analyses were applied by RStudio (v.4.2.0) and its
corresponding packages as described previously. The significant
statistic of general clinical characteristics analyzed by SPSS software
was set at two-tailed and P<0.05. Continuous variables are presented as
mean + standard deviation and were analyzed using Student’s t-test or
the Wilcoxon test. Categorical variables are expressed as frequencies
and proportions and were analyzed using the Chi-square test or
Fisher’s exact test. PCA, PLS-DA, OPLS-DA, and S-plot analyses
were performed using SIMCA 13 (Umetrics). To further examine
differences among these selected subsets across multiple groups, we
applied an appropriate multiple comparison correction to control for
potential Type I error inflation. An ANOVA followed by post-hoc
Bonferroni or Kruskal-Wallis test with Dunn’s correction was used for
post-hoc multiple comparisons. Correlation analysis was conducted
using the “corrplot” package. The ‘Mfuzz’ package was employed to
associate expression patterns of immunophenotypes with the
progression of gout.

3 Results

3.1 Enrollment of participants and
alteration of lymphocyte
immunophenotyping

This study evaluated 165 patients diagnosed with gout who were
admitted to the hospital between March 2022 and March 2023. After
excluding 24 patients, we enrolled a total of 141 participants,
comprising 78 individuals with acute gout (AG) and 63 patients in
gout remission (RG) (Supplementary Figure 4). Additionally, we
recruited 66 healthy volunteers as normal controls (NC). The
baseline clinical characteristics of these participants are detailed in
Table 1. There were no significant differences in age, height, and blood
urea nitrogen (BUN) levels among the three groups. However,
significant differences were observed in white blood cell (WBC)
counts, platelet (PLT) counts, neutrophils, lymphocytes, eosinophils,
basophils, and estimated glomerular filtration rate (eGFR) between
patients during gout attacks and those in remission. Between patients
in RG and NG, significant differences emerged in clinical indicators
such as body mass index (BMI), red blood cell (RBC) counts,
hemoglobin (Hb), monocytes, eGFR, and serum uric acid (UA) level.

To investigate the distribution and function of lymphocyte subsets
among NC, AG, and RG groups, we measured a total of 75
immunophenotypes using flow cytometry. Principal component
analysis (PCA) and partial least squares discriminant analysis (PLS-
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TABLE 1 Clinical features among gout remission (RG), acute gout (AG) and normal control (NC) groups.

Variables NC (n = 66) RG (n = 63) AG (n = 78)

Age (years) 45.50 (42.00,51.00) 50.00 (39.00,7.50) 46.50 (34.00,58.00) 0.142 0378
Height (cm) 172.00 (170.00,175.75) 174.00 (170.00,178.00) 173.74 + 526 0.298 0.995
Weight (kg) 74.00 (67.25,78.00) 77.00 (73.00,85.50) 78.00 (71.00,85.00) <0.001 0.678
BMI (kg/m?) 24.54 (23.15,25.88) 25.96 (24.57,27.97) 25.67 (24.29,27.74) <0.001 0.563
RBC (1012/L) 5.08 (4.79,5.32) 4.83 (4.47,5.29) 4.94 (4.58,5.30) 0.016 0.417
Hb (g/L) 156.00 (151.00,160.75) 148.00 (139.50,157.50) 154.00 (142.00,160.75) <0.001 0216
WBC (10°/L) 6.03 (5.34,7.02) 6.36 (5.65,7.37) 7.56 (6.61,9.22) 0317 <0.001
PLT (10°/L) 246.64 + 50.70 227.36 + 57.44 240.50 (207.25,305.00) 0.046 0.008
N (%) 57.92 + 7.40 58.61 + 8.96 64.64 +9.53 0.635 <0.001
L (%) 32.83 + 6.72 30.96 + 9.61 25.95 + 7.80 0.203 0.001
M (%) 5.85 (5.12,6.77) 6.60 (5.75,7.80) 6.40 (5.60,8.15) <0.001 0.426
E (%) 2.20 (1.30,3.25) 2.10 (1.40,3.35) 1.80 (0.92,2.60) 0.927 0.038
B (%) 0.40 (0.20,0.60) 0.50 (0.30,0.75) 0.30 (0.20,0.50) 0.128 <0.001
BUN (mmol/L) 495 (4.10,5.30) 5.00 (4.15,6.30) 4.84 (4.21,5.91) 0345 0.841
eGFR (mL/min/1.73m?) 102.45 (94.80,106.97) 92.66 (73.51,106.80) 77.80 (62.30,94.79) 0.003 0.013
SCr (umol/L) 79.50 (71.25,85.00) 86.00 (74.00,101.50) 87.00 (79.12,104.50) 0.002 0258
UA (umol/L) 370.00 (334.25,398.00) 503.00 (407.50,577.00) 518.90 (452.75,571.55) <0.001 0475

*Comparison between NC and RG; *Comparison between AG and RG.

Continuous variables following a normal distribution are described using the mean + standard deviation; for those not following a normal distribution, the median (first quartile, third quartile) is
used. BMI, body mass index; RBC, red blood cell; Hb, Hemoglobin; WBC, White Blood Cell; PLT, Platelets; N%, percentage of Neutrophil; L%, percentage of Lymphocytes; M%, percentage of
Monocytes; E%, percentage of Eosinophils; B%, percentage of Basophils; BUN, Urea nitrogen; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; UA, uric acid.

Bold value denotes statistically significant values (p < 0.05).

DA) revealed differences in lymphocyte subset profiles among AG, RG,
and NC groups, indicating a shift in adaptive immunity associated with
gout status (Figures 1A, B). To further elucidate the lymphocyte
immunophenotypes associated with gout progression, we ordered the
samples according to the three states: gout flare, gout remission, and
healthy controls. We divided the samples into four clusters using
“Mfuzz” analysis, revealing a relatively stable cluster 3 and a highly
reactive cluster 4 (Figure 1C). Interestingly, we found that with gout
remission, cluster 2 gradually stabilized to levels seen in healthy
individuals. This evidence suggests that lymphocyte subtypes play a
crucial role in these significant shifts in gout patterns.

3.2 Lymphocyte subsets as complete gout
remission diagnostic markers

To determine the immunological differences between RG and NC,
we conducted pairwise comparisons between the two groups.
Significant alterations were observed in 38 lymphocyte subsets when
comparing NC with RG (Supplementary Table 3). A 3D scatter plot for
the OPLS-DA showed distinct discrimination of RG patients from the
NC (Figure 2A, Supplementary Figure 5A). S-plot analysis (Figure 2B)
indicated that T peripheral helper (Tph) cells, activated follicular helper
T (Tth) cells, immature NK cells, inhibition of V81 cells, Inhibition of
V&2 cells, virus-infected specific cytotoxic NK cells, conventional killer
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NK cells, mature NK cells, total memory CD8" T cells, and T cytotoxic
(Tc) 17 cells contribute greatly to the discrimination of the two group.
Variables with VIP value >1.0, P value <0.05, and log2|Fold change|
>0.25 were considered to be potential differential lymphocytes subsets
(Figure 2C). Finally, 7 lymphocytes subsets including Tph cells,
activated Tth cells, immature NK cells, inhibition of V91 cells,
inhibition of V32 cells, virus-infected specific cytotoxic NK cells and
total memory CD8" T cells was selected (Figure 2D).

To further assess the potential diagnostic value of these
lymphocyte subsets, we performed LASSO regression models on
the previously identified differential clinical data and lymphocyte
subsets (Supplementary Figure 5B). We calculated the correlation
regression coefficients between indices and established a diagnostic
scoring formula based on the level of each index multiplied by its
corresponding regression coefficient. For distinguishing RG from
NC, four lymphocyte subsets (Tph cells, virus-infected specific
cytotoxic NK cells, inhibition of V31 cells and inhibition of V§2
cells) and four clinical data (BMI, Hb, eGFR and UA) achieved a
higher area under the curve (AUC) of 0.934 (Figure 2E).

We further evaluated whether the selected lymphocyte subsets
in RG correlated with relevant clinical indices. As shown in
Figure 2F, we observed that UA levels were positively correlated
with the inhibition of V82 cells (Supplementary Figure 5C). This
finding suggests that inhibition of V&2 cells is associated with
complete remission of gout, indicating that a single uric acid
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Principal component analysis (PCA) and Partial least squares-discriminant analysis (PLS-DA) for gout remission (RG), acute gout (AG) and normal
control (NC) groups. (A) PCA for RG, AG and NC groups. (B) PLS-DA for RG, AG and NC groups. (C) Cluster analysis of the trend for

lymphocyte immunophenotypes.

measurement may not adequately reflect the microenvironment in
gout remission.

3.3 Nomogram development to predict the
complete recovery of gout remission

Based on the results of LASSO regression analyses, we further

constructed a nomogram by combining variables including lymphocyte
subsets and clinical data (Figure 3A). The value at the intersection points

Frontiers in Immunology

represents the likelihood of an individual being in RG. Calibration plots
assessed the predictive effectiveness of the nomogram (Figure 3B), and
the calibration curve closely approximated a line with a slope of one,
indicating strong concordance between predicted and actual values.
Furthermore, decision curve analysis (DCA) demonstrated that utilizing
the nomogram to predict the probability of gout remission yields greater
net benefit, suggesting significant potential for clinical
application (Figure 3C).

We found that controlling uric acid levels remains an essential
indicator for achieving complete remission of gout. Moreover,
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alterations in the quantity of Tph cells and the inhibition of V&2
cells in the peripheral blood immune microenvironment are likely
decisive factors in the disease trajectory toward complete remission.

3.4 Lymphocyte subsets as recurrent gout
flare diagnostic markers

To assess the likelihood of recurrent attacks in gout patients in
remission, we analyzed the distribution of peripheral blood
lymphocytes. Significant changes were observed in three
lymphocyte subsets when comparing AG with RG (Supplementary
Table 3). In the OPLS-DA analysis, AG patients were distinctly
separated from RG patients, illustrating evident differences in their
peripheral blood lymphocyte profiles (Figure 4A, Supplementary
Figure 6A). S-plot analysis and volcano plots indicated that
inhibition of V&2 cells, virus-specific cytotoxic NK cells, and
inactive and terminally differentiated virus-specific CD8" T cells
contributed significantly to the discrimination between the two
groups (Figures 4B-D). Additionally, clinical indices such as WBC,
PLT, and neutrophils—markers of inflammation—were significantly
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elevated in AG. Conversely, lymphocytes, eosinophils, basophils, and
eGFR were increased in RG (Table 1).

Similarly, we sought diagnostic markers that could predict gout
attacks in patients in remission using the previously described LASSO
regression model (Supplementary Figure 6B). Ultimately, three
lymphocyte subsets (inhibition of V&2 cells, virus-infected specific
cytotoxic NK cells and inactive and terminal differentiation virus-
specific CD8" T cells) and six clinical parameters (WBC, PLT,
lymphocytes, eosinophils, basophils and eGFR) were selected to
perform ROC curve which achieved an AUC of 0.814 (Figure 4E).
To further validate the reliability of the model, we conducted a one-
year follow-up on patients in gout remission to observe potential
recurrence of gout flare within a year. Remarkably, this model also
achieved an AUC value of 0.724 in the validation cohort (Figure 4F).

We further evaluated whether the selected lymphocyte subsets
in AG correlated with relevant clinical indices. As illustrated in
Figure 4G, inhibition of V&2 cells exhibited extensive and close
associations with various types of WBCs (Supplementary
Figure 6C). This finding suggests that inhibition of V82 cells may
be implicated in the mechanisms underlying the recurrence of gout
from remission.
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Nomogram development to predict the complete recovery of gout remission. (A) Nomogram in predicting complete remission of gout patients. (B)
Calibration plots are used to evaluate the prediction effectiveness of nomogram. (C) Decision curve analysis (DCA) showed that making use of the
nomogram for predicting the probability of gout remission. BMI, body mass index; Hb, Hemoglobin; eGFR, estimated glomerular filtration rate; UA,
uric acid; Th, T helper cells; VISC NK, Virus-Infected Specific Cytotoxic NK cell.

3.5 Nomogram development to predict the
possibility recurrence of gout flare

Similarly, we constructed a nomogram by integrating
lymphocyte subsets and clinical data (Figure 5A). The value
corresponding to the intersection points represents the likelihood
of an individual experiencing gout flares. Calibration plots were
used to evaluate the predictive effectiveness of the nomogram
(Figure 5B). The calibration curve closely aligned with a line of
slope one, indicating strong concordance between predicted and
actual values. Additionally, DCA showed that employing the
nomogram to predict the probability of recurrence in gout
remission provides greater net benefit, suggesting significant
potential for clinical application (Figure 5C).

Through this nomogram, we understand that preventing gout
recurrence necessitates continuous monitoring of white blood cell
levels and the aforementioned immune cells. Furthermore, we
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propose that the level of eGFR is also an important indicator,
suggesting that preserving renal function is beneficial in preventing
gout recurrence.

3.6 Lymphocytes and clinical data
exhibiting trend variations among the three
groups

Based on our analysis, certain lymphocyte subsets exhibit
significant differences among all groups. We found that eGFR
showed trend variations across the groups, being lowest in the AG
group and highest in the NC group. Additionally, we observed notable
differences in the inhibition of V&2 cells and virus-specific cytotoxic
NK cells, with these two cell types displaying inverse trends (Figure 6).
Specifically, inhibition of V&2 cells was lowest in the NC group and
highest in the RG group, whereas virus-specific cytotoxic NK cells were
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highest in the NC group and lowest in the RG group. Interestingly, for
every 1% increase in the inhibition of V&2 cells, the adjusted relative
risk ratio for complete remission of gout decreased by 37%. Each 1%
increase in virus-specific cytotoxic NK cells was associated with a 1.3%
greater adjusted relative risk ratio for complete remission of gout.
Moreover, each 1% increase in virus-specific cytotoxic NK cells was
associated with a 0.3% greater adjusted relative risk ratio for gout
recurrence (Tables 2, 3).

4 Discussion

Gout arthritis typically resolves within 1-3 weeks following an
attack, presenting as a self-limiting process, which is known to be
associated with the activation and deactivation of synovial
macrophages and neutrophils. However, the potential involvement of
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blood lymphocytes and their subsets in the phases of gout attack,
complete remission, and recurrence is not explored. In this prospective
cohort study, we initially profiled 75 lymphocyte immunophenotypes
in populations experiencing gout flare, remission, and in healthy
individuals. Strikingly, these lymphocyte subtypes displayed unique
patterns during the transitions from gout flare to complete remission,
and potentially, to recurrence. Furthermore, we discovered that the
lymphocyte subtypes from cluster2 were characterized by immune
inhibition and exhaustion (17) (Supplementary Table 4). Consequently,
these findings underscore the pivotal role that circulating lymphocyte
subtypes play in the distinct transformations associated with
gout patterns.

The combined prediction of 4 types of immune cells and 4 clinical
indicators achieved an impressive AUC value of 0.934 for complete
remission. Notably, using UA values for individual prediction already
achieves an AUC value of 0.849, indicating that lowering uric acid
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Significant variations of lymphocytes and clinical data among the gout remission (RG), acute gout (AG) and normal control (NC) groups. The P-values

are denoted as P < 0.05, **P < 0.01 and **** P < 0.0001.

remains a crucial strategy for achieving complete remission in patients
with RG (18, 19). Moreover, we discovered that utilizing clinical
indicators alone or lymphocyte subtypes alone to differentiate
between gout remission and healthy individuals resulted in AUC
values of only 0.908 and 0.929, respectively. However, combining
both increased the AUC value to 0.934 and enhanced specificity
(Supplementary Table 5). Additionally, the construction of a
predictive model between gout flare and remission further
underscored the critical role of immune cells in forecasting gout
recurrence, achieving an AUC of 0.814 in the training cohort and
0.724 in the testing cohort after one year of follow-up. The AUC values
were only 0.797 and 0.651 when using clinical indicators alone or
circulating lymphocyte subtypes alone, respectively. Combining both
increased the AUC to 0.814 and also improved specificity
(Supplementary Table 5). Therefore, these data suggests that specific
circulating lymphocytes serve as reliable indicators for predicting gout
transitions, presenting opportunities for early intervention and
improved management of gout patients.

Our research demonstrated the inhibition of V&2 cells and
virus-infected specific cytotoxic NK cells showed a potential
mechanism in transitions between gout flare, complete remission,
and recurrence. For every 1% increase in inhibition of V81 cells and
inhibition of V32 cells, the adjusted relative risk for complete
remission of gout was reduced by 7.4% and 37.2%, respectively
(Table 2). We also similarly found that for every 1% increase in
virus-infected specific cytotoxic NK cells, the relative risk of a
patient having recurrent gout attacks increased by 0.3% (Table 3).
Virus-infected specific cytotoxic NK cells are identified by Natural

TABLE 2 Threshold effect analysis of immune cells on complete relief in
gout remission.

Per 1% increment P value

Virus-infected specific cytotoxic 1.013 (1.006,1.020) <0.001
NK cells

Peripheral Th cells 0.860 (0.777, 0.929) 0.002
Inhibition of V81 cells 0.926 (0.901, 0.949) <0.001
Inhibition of V32 cells 0.628 (0.537,0.715) <0.001

Values are adjusted RR (95% CI). Model is adjusted for age (years), BMI (kg/mz). Th, T
helper cells.
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Cytotoxicity Triggering Receptor 1 (NKP46)" expression which are
related with activation of NK cell and secretion of interferon (IFN)-
vy and tumor necrosis factor (TNF)-o (20, 21). In healthy
individuals, high expression of these cells may monitor disease
development and maintain health (22). V82 cells, a subset of 0T
cells, are crucial for the body’s innate immune surveillance,
responding early to infections and stressed cells (23-25). During
gout flare, the body mounts an inflammatory response against MSU
crystals. Slightly increased inhibition of V&2 cells could help
manage inflammation and clear MSU crystals, preventing
excessive tissue damage or chronic inflammation. The highest
inhibition of V&2 cells during gout remission might indicate a
downregulated immune response to prevent overreaction to low
levels of MSU crystals, helping maintain remission and prevent
recurrence. Thus, these data indicates that inhibition of V32 cells
and virus-infected specific cytotoxic NK cells serve as reliable
biomarkers for forecasting gout progression.

The 2018 EULAR evidence-based recommendations for the
diagnosis of gout delineate its natural course into stages:
asymptomatic hyperuricemia, acute flare, intercritical period, and
chronic tophaceous gout (26). Notably, the 2019 edition of the
“Chinese Guidelines for the Diagnosis and Treatment of
Hyperuricemia and Gout” introduced the concept of subclinical
gout, recognizing that some patients with asymptomatic
hyperuricemia or in remission may exhibit MSU deposits in joint
cavities, which can also result in corresponding health risks (27).
Increasing evidence demonstrates that gout is a continuous
pathological process and a recurrent chronic disease (28, 29).
However, current staging criteria are insufficient in predicting

TABLE 3 Threshold effect analysis of immune cells on recurrence in
gout remission.

Per 1% increment P value

Virus-infected specific cytotoxic 1.003 (1.000,1.005) 0.045
NK cells

Terminal differentiation virus-specific 1.002 (1.000,1.004) 0.077
CD8" TC

Inhibition of V82 cells 0.993 (0.986,1.000) 0.057

Values are adjusted RR (95% CI). Model is adjusted for age (years), BMI (kg/m). TC, T cells.
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gout recurrence and achieving complete remission. Although the
criteria for complete remission were proposed in 2016, a subsequent
study using dual-source CT confirmed the presence of MSU
deposits in patients who met these criteria (6, 7). Other studies
based on inflammatory markers in predicting gout flares also
showed limited predictive value (30, 31). Traditional diagnostic
standards primarily rely on clinical symptoms and laboratory
markers, but these indicators do not fully reflect the immune
status and disease progression of patients. Therefore, for the first
time, this study proposes predicting gout flares and complete
remission through dynamic changes in peripheral blood
lymphocytes, providing valuable insights into the immunological
staging of gout.

Our circulating lymphocyte immunophenotyping offers a more
comprehension of the immune system’s dynamic alterations,
facilitating the identification of distinct cell subsets implicated at
different stages of disease progression and contributing to the
elucidation of molecular mechanisms underlying inflammation
initiation, maintenance, and resolution. Additionally, the study
employed a prospective patient enrollment strategy, and the
constructed model underwent independent sample validation,
thereby affirming the robustness of our findings. However, there
are some limitations. First, as a single-center study with a
predominantly male cohort, our findings may not be fully
generalizable to patients of different ethnicities, genders, or ages,
future multi-center investigations with broader demographic
representation are warranted; Second, we did not collect detailed
lifestyle information (e.g., diet, exercise, alcohol consumption),
which may influence immune responses in gout and could have
impacted our results. In our future studies, we will plan to
incorporate more comprehensive lifestyle assessments—such as
validated dietary questionnaires, detailed physical activity logs,
and alcohol consumption histories. Finally, this study is the lack
of paired samples from the same patient during flare and remission
periods for comparison.

Overall, our clinical data reveal significant shifts in lymphocyte
immunophenotypes during the transitions among gout flare,
complete remission, and recurrence. Variations in the inhibition
of V82 cells and virus-infected specific cytotoxic NK cells emerge as
crucial immune phenotypes influencing gout recurrence and
complete remission. The innovative model demonstrates
substantial predictive value for the non-invasive diagnosis of both
gout recurrence and complete remission. The two panels of
combined models based on blood immune cells and clinical
indicators offer substantial evidence for refining the clinical
staging of gout and advancing the understanding of the
mechanisms driving the transitions between gout flares, complete
remission, and recurrence.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Frontiers in Immunology

11

10.3389/fimmu.2025.1540429

Ethics statement

This prospective cohort study (NCT05522504) was conducted
in accordance with the Declaration of Helsinki and approved by the
Institutional Review Board, Medical Ethics Committee of Shanghai
Tenth People’s Hospital of Tongji University (SHSY-IEC-4.1/21-
246/01). Informed written consent was obtained from all
participants. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

HJY: Formal Analysis, Investigation, Methodology, Project
administration, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing — review & editing. LW: Data
curation, Funding acquisition, Investigation, Supervision, Validation,
Writing — review & editing. LQ: Data curation, Investigation, Project
administration, Supervision, Validation, Visualization, Writing -
review & editing. HY: Data curation, Formal Analysis, Investigation,
Supervision, Validation, Visualization, Writing - review & editing. RH:
Data curation, Formal Analysis, Methodology, Project administration,
Software, Supervision, Validation, Writing — review & editing. ZJ:
Conceptualization, Data curation, Formal Analysis, Methodology,
Project administration, Resources, Software, Writing — review &
editing. HB: Investigation, Supervision, Validation, Writing — review
& editing. HW: Investigation, Supervision, Validation, Writing -
review & editing. WX: Investigation, Supervision, Validation, Writing
- review & editing. YS: Investigation, Project administration,
Supervision, Validation, Writing - review & editing. ZY:
Conceptualization, Investigation, Project administration, Resources,
Supervision, Validation, Writing - review & editing. AP:
Conceptualization, Data curation, Funding acquisition, Investigation,
Project administration, Supervision, Visualization, Writing — original
draft, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was partially
supported by grants from the National Natural Science Foundation
of China (nos. 81970756 and 81971822). We thank Guangzhou
Purui Biotechnology Co., Ltd. for assistance with the flow
cytometry experiments.

Conflict of interest

Author Z] was employed by the company Guangzhou Purui
Biotechnology Co., Ltd.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1540429
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yu et al.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Dalbeth N, Choi HK, Joosten LAB, Khanna PP, Matsuo H, Perez-Ruiz F, et al.
Gout. Nat Rev Dis Primers. (2019) 5:69. doi: 10.1038/s41572-019-0115-y

2. Dalbeth N, Gosling AL, Gaffo A, Abhishek A. Gout. Lancet. (2021) 397:1843-55.
doi: 10.1016/S0140-6736(21)00569-9

3. Liu W, Peng J, Wu Y, Ye Z, Zong Z, Wu R, et al. Immune and inflammatory
mechanisms and therapeutic targets of gout: An update. Int Immunopharmacol. (2023)
121:110466. doi: 10.1016/j.intimp.2023.110466

4. Schlesinger N, Perez-Ruiz F, Liote F. Mechanisms and rationale for uricase use in
patients with gout. Nat Rev Rheumatol. (2023) 19:640-9. doi: 10.1038/s41584-023-01006-3

5. Bardin T, Richette P. Defining remission in patients with gout. Nat Rev
Rheumatol. (2019) 15:516-7. doi: 10.1038/s41584-019-0280-0

6. de Lautour H, Taylor WJ, Adebajo A, Alten R, Burgos-Vargas R, Chapman P,
et al. Development of preliminary remission criteria for gout using delphi and
1000Minds consensus exercises. Arthritis Care Res (Hoboken). (2016) 68:667-72.
doi: 10.1002/acr.22741

7. Dalbeth N, Frampton C, Fung M, Baumgartner S, Nicolaou S, Choi HK.
Concurrent validity of provisional remission criteria for gout: a dual-energy CT
study. Arthritis Res Ther. (2019) 21:150. doi: 10.1186/s13075-019-1941-8

8. Cabau G, Crisan TO, Kluck V, Popp RA, Joosten LAB. Urate-induced immune
programming: Consequences for gouty arthritis and hyperuricemia. Immunol Rev.
(2020) 294:92-105. doi: 10.1111/imr.12833

9. Liu L, Zhu L, Liu M, Zhao L, Yu Y, Xue Y, et al. Recent insights into the role of
macrophages in acute gout. Front Immunol. (2022) 13:955806. doi: 10.3389/
fimmu.2022.955806

10. Wang B, Chen S, Qian H, Zheng Q, Chen R, Liu Y, et al. Role of T cells in the
pathogenesis and treatment of gout. Int Immunopharmacol. (2020) 88:106877.
doi: 10.1016/j.intimp.2020.106877

11. Huang Y, Wu X, Gui L, Jiang Y, Tu L, Li X, et al. Age-specific imbalance of
circulating tfh cell subsets and its association with gout-targeted kidney impairment.
Front Immunol. (2020) 11:625458. doi: 10.3389/fimmu.2020.625458

12. Wang Z, Zhao Y, Phipps-Green A, Liu-Bryan R, Ceponis A, Boyle DL, et al.
Differential DNA methylation of networked signaling, transcriptional, innate and
adaptive immunity, and osteoclastogenesis genes and pathways in gout. Arthritis
Rheumatol. (2020) 72:802-14. doi: 10.1002/art.41173

13. Yu H, Xue W, Yu H, Song Y, Liu X, Qin L, et al. Single-cell transcriptomics
reveals variations in monocytes and Tregs between gout flare and remission. JCI
Insight. (2023) 8(23):€171417. doi: 10.1172/jci.insight.171417

14. Gu H, Yu H, Qin L, Yu H, Song Y, Chen G, et al. MSU crystal deposition
contributes to inflammation and immune responses in gout remission. Cell Rep. (2023)
42:113139. doi: 10.1016/j.celrep.2023.113139

15. Neogi T, Jansen TL, Dalbeth N, Fransen J, Schumacher HR, Berendsen D, et al.
2015 Gout classification criteria: an American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Ann Rheum Dis. (2015) 74:1789-
98. doi: 10.1136/annrheumdis-2015-208237

16. Song Y, Wang B, Song R, Hao Y, Wang D, Li Y, et al. T-cell immunoglobulin and
ITIM domain contributes to CD8(+) T-cell immunosenescence. Aging Cell. (2018) 17
(2):e12716. doi: 10.1111/acel.2018.17.issue-2

Frontiers in Immunology

12

10.3389/fimmu.2025.1540429

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/
full#supplementary-material

17. Rutella S, Vadakekolathu J, Mazziotta F, Reeder S, Yau TO, Mukhopadhyay R,
et al. Immune dysfunction signatures predict outcomes and define checkpoint
blockade-unresponsive microenvironments in acute myeloid leukemia. J Clin Invest.
(2022) 132(21):e159579. doi: 10.1172/JCI159579

18. Wu S, Xue W, Yu H, Yu H, Shi Z, Wang L, et al. Serum uric acid levels and health
outcomes in CKD: a prospective cohort study. Nephrol Dial Transplant. (2024) 39:510—
9. doi: 10.1093/ndt/gfad201

19. Tedeschi SK, Hayashi K, Zhang Y, Choi H, Solomon DH. Identifying the
association between serum urate levels and gout flares in patients taking urate-
lowering therapy: a post hoc cohort analysis of the CARES trial with consideration
of dropout. Ann Rheum Dis. (2024) 83(10):1375-80. doi: 10.1136/ard-2024-225761

20. Sivori S, Vitale M, Morelli L, Sanseverino L, Augugliaro R, Bottino C, et al. p46, a
novel natural killer cell-specific surface molecule that mediates cell activation. J Exp
Med. (1997) 186:1129-36. doi: 10.1084/jem.186.7.1129

21. Walzer T, Blery M, Chaix J, Fuseri N, Chasson L, Robbins SH, et al.
Identification, activation, and selective in vivo ablation of mouse NK cells via
NKp46. Proc Natl Acad Sci U S A. (2007) 104:3384-9. doi: 10.1073/pnas.0609692104

22. Cerwenka A, Lanier LL. Natural killer cell memory in infection, inflammation
and cancer. Nat Rev Immunol. (2016) 16:112-23. doi: 10.1038/nri.2015.9

23. Bonneville M, O’Brien RL, Born WK. Gammadelta T cell effector functions: a
blend of innate programming and acquired plasticity. Nat Rev Immunol. (2010)
10:467-78. doi: 10.1038/nri2781

24. Carding SR, Egan PJ. Gammadelta T cells: functional plasticity and
heterogeneity. Nat Rev Immunol. (2002) 2:336-45. doi: 10.1038/nri797

25. Xu Y, Xiang Z, Alnaggar M, Kouakanou L, Li J, He J, et al. Allogeneic
Vgamma9Vdelta2 T-cell immunotherapy exhibits promising clinical safety and
prolongs the survival of patients with late-stage lung or liver cancer. Cell Mol
Immunol. (2021) 18:427-39. doi: 10.1038/s41423-020-0515-7

26. Richette P, Doherty M, Pascual E, Barskova V, Becce F, Castaneda J, et al. 2018
updated European League Against Rheumatism evidence-based recommendations for
the diagnosis of gout. Ann Rheum Dis. (2020) 79:31-8. doi: 10.1136/annrheumdis-
2019-215315

27. Wu J, Lu AD, Zhang LP, Zuo YX, Jia YP. Study of clinical outcome and
prognosis in pediatric core binding factor-acute myeloid leukemia. Zhonghua Xue Ye
Xue Za Zhi. (2019) 40:52-7. doi: 10.3760/cma.j.issn.0253-2727.2019.01.010

28. Afinogenova Y, Danve A, Neogi T. Update on gout management: what is old and
what is new. Curr Opin Rheumatol. (2022) 34:118-24. doi: 10.1097/
BOR.0000000000000861

29. McCormick N, Yokose C, Challener GJ, Joshi AD, Tanikella S, Choi HK. Serum
urate and recurrent gout. JAMA. (2024) 331:417-24. doi: 10.1001/jama.2023.26640

30. Ea HK, Kischkel B, Chirayath TW, Kluck V, Aparicio C, Loeung HU, et al.
Systemic inflammatory cytokine profiles in patients with gout during flare, intercritical
and treat-to-target phases: TNFSF14 as new biomarker. Ann Rheum Dis. (2024) 83
(7):945-56. doi: 10.1136/ard-2023-225305

31. Yu H, Xue W, Yu H, Gu H, Qin L, Peng A. Joint application of multiple
inflammatory cytokines in diagnosis of gout flare. ] Inflammation Res. (2023) 16:1771-
82. doi: 10.2147/JIR.S408929

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1540429/full#supplementary-material
https://doi.org/10.1038/s41572-019-0115-y
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/j.intimp.2023.110466
https://doi.org/10.1038/s41584-023-01006-3
https://doi.org/10.1038/s41584-019-0280-0
https://doi.org/10.1002/acr.22741
https://doi.org/10.1186/s13075-019-1941-8
https://doi.org/10.1111/imr.12833
https://doi.org/10.3389/fimmu.2022.955806
https://doi.org/10.3389/fimmu.2022.955806
https://doi.org/10.1016/j.intimp.2020.106877
https://doi.org/10.3389/fimmu.2020.625458
https://doi.org/10.1002/art.41173
https://doi.org/10.1172/jci.insight.171417
https://doi.org/10.1016/j.celrep.2023.113139
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1111/acel.2018.17.issue-2
https://doi.org/10.1172/JCI159579
https://doi.org/10.1093/ndt/gfad201
https://doi.org/10.1136/ard-2024-225761
https://doi.org/10.1084/jem.186.7.1129
https://doi.org/10.1073/pnas.0609692104
https://doi.org/10.1038/nri.2015.9
https://doi.org/10.1038/nri2781
https://doi.org/10.1038/nri797
https://doi.org/10.1038/s41423-020-0515-7
https://doi.org/10.1136/annrheumdis-2019-215315
https://doi.org/10.1136/annrheumdis-2019-215315
https://doi.org/10.3760/cma.j.issn.0253-2727.2019.01.010
https://doi.org/10.1097/BOR.0000000000000861
https://doi.org/10.1097/BOR.0000000000000861
https://doi.org/10.1001/jama.2023.26640
https://doi.org/10.1136/ard-2023-225305
https://doi.org/10.2147/JIR.S408929
https://doi.org/10.3389/fimmu.2025.1540429
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Delineating circulating lymphocyte subsets in the transition from gout remission to recurrence
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Blood sample collection
	2.3 Flow cytometry analysis
	2.4 Development and assessment of prediction model
	2.5 Statistical analysis

	3 Results
	3.1 Enrollment of participants and alteration of lymphocyte immunophenotyping
	3.2 Lymphocyte subsets as complete gout remission diagnostic markers
	3.3 Nomogram development to predict the complete recovery of gout remission
	3.4 Lymphocyte subsets as recurrent gout flare diagnostic markers
	3.5 Nomogram development to predict the possibility recurrence of gout flare
	3.6 Lymphocytes and clinical data exhibiting trend variations among the three groups

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


