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Abstract: Objective: To compare the efficacy and safety of Firsekibart versus compound betamethasone in gout patients with
different estimated glomerular filtration rate (¢GFR) levels. Methods: Patients were randomized 1:1 to receive a single dose
of Firsekibart (200 mg) or Compound betamethasone (7mg). Patients were divided into three subgroups according to baseline
eGFR: >90, 60-89, and 30-59 ml/min/1.73 m’ to evaluate 72-hour pain relief, 12/24-week recurrence rate, renal function
changes, and safety events. Results: Of 311 patients in full analysis set (FAS), 113 (36.3%) had baseline eGFR 60-89 ml/
min/1.73 m’, and 42 (13.5%) had baseline eGFR 30-59 ml/min/1.73 m’. Similar reduction in visual analogue scale (VAS )
scores at 72-hour was observed in each eGFR subgroup betwteen Firsekibart and compound betamethasone group (P>0.05).
Compared with Compound betamethasone, Firsekibart reduced the risk of recurrence at 12/24 weeks in patients with different
eGFR subgroups (all P<0.0001). In safety evalution, no obvious changes of creatinine and eGFR were observed in each
subgroup during 24-week follow up. Treatment emergent adverse events (TEAESs) incidence was comparable in each eGFR
subgroup analysis. In total, 1(0.6%) treatment-emergent serious adverse events (TESAE) and O treatment-related adverse
events(TRSAE) occurred in the Firsekibart group compared to 6 (3.8%) and 3 (1.9%) in the Compound betamethasone
group, respectively. Conclusion: Overrall, Firsekibart demonstrated non-inferior short-term pain relief while offering better
prevention of new flares, with a lower incidence of serious adverse events compared to compound betamethasone ,and results

were consistent across eGFR subgroups. Both Firsekibart and compound betamethasone showed little effect on renal function.

Keywords: Acute gouty arthritis; Chronic kidney disease; Inflammation; Firsekibart; Compound betamethasone
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1. Introduction

When the concentration of uric acid in the blood exceeds its dissolution limit, monosodium urate crystals are
formed and deposited in the joints and surrounding tissues, inducing acute inflammatory reactions, resulting in
gout attacks'. Acute gouty arthritis (AGA) is the core clinical manifestation of gout. According to statistics, the
global incidence of gout increased from 93.10/100,000 to 109.08/100,000 from 1990 to 2021, and the incidence
rate in China increased from 122.52/100,000 to 151.61/100,000 during the same period””. Hyperuricemia is
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an important factor in the development and prognosis of chronic kidney disease (CKD)". Kidney disease is
common in gout patients, about 71% of adult gout patients accompany with glomerular filtration rate (¢GFR)
<60 mL/min/1.73 m2)™, and 20% with eGFR <30 mL/min/1.73 m2). Hyperuricemia in patients with gout
can accelerate kidney damage, and decreased renal function can aggravate uric acid accumulation, leading to
recurrent gout and significantly increasing the difficulty of treatment”.

Glucocorticoids are routinely administered during acute gout attacks, especially when patients present with
systemic symptoms or when colchicine and nonsteroidal anti-inflammatory drugs (NSAIDs) are ineffective,
contraindicated, or renal insufficiency"’. Despite the powerful anti-inflammatory and immunosuppressive
effects of glucocorticoids, they are widely used to treat a variety of immune-mediated inflammatory diseases.
However, glucocorticoids have serious side effects, and long-term use can increase the risk of infection in
patients, leading to complications such as insulin resistance and osteoporosis'®.

Interleukin-1p (IL-1p) is a pro-inflammatory factor produced and released by a variety of cells in response
to inflammatory signals, participating in a variety of autoimmune inflammatory responses, and is also an
important target of anti-inflammatory therapy. In the gout inflammatory response, IL-1f drives gout attacks
by activating endothelial cells, releasing inflammatory factors, and recruiting neutrophils'”"'". IL-1pB acts as a
key effector protein in the NLR family pyrin domain containing protein 3 (NLRP3) pathway, mediating renal
fibrosis in CKD!"" " IL-1p inhibitors are more selective than glucocorticoids and have fewer expected side
effects while effective. Targeted inhibition of IL-1B can not only control the gout inflammatory response, but
may also provide renal protection for patients with CKD.

Firsekibart is a new fully human monoclonal antibody independently developed in China, and has a high
affinity for IL-1p"*,and showed great efficacy and safety in treating gout'”. However, the effect of Firsekibart
in gout patients with CKD has not been reported. Therefore, we made an post-hoc subgourp analysis of

Firsekibart in patients with different baseline eGFRs.

2. Methods
2.1.Study design and patient population

This study was a multicenter, randomized, double-blind, double-dummy, positive-controlled phase III clinical
trial conducted in 51 centers in China, including patients with contraindications, intolerance, insufficient
efficacy of NSAIDs and/or colchicine, and recurrent attacks of acute gout from January 2023 to June 2024.
Key inclusion criteria included: age 18 to 75 years; body mass index (BMI)<40 kg/m’, meeting the American
College of Rheumatology 2015 classification criteria for gout'"; >2 episodes of acute gout in the prior 1
year; contraindications, intolerance, or poor efficacy to NSAIDs and/or colchicine. Key exclusion criteria
included: allergy to the study drug or similar drugs; use of prohibited medications within a specific time prior to
screening (such as NSAIDs, and colchicine); eGFR < 30mL/min/1.73m’ diseases that may interfere with joint
assessment (such as rheumatoid arthritis); history of severe immunodeficiencyand severe comorbidities.

The study was approved by the ethical review committees of all participating centers. All patients signed
an informed consent form prior to enrollment. Study registration numbers: NCT05983445 and CTR20223136.

2.2. Data collection

Demographic data, clinical manifestations, and laboratory examination data were collected by electronic data

acquisition system. In this post-hoc article, patients were divided into three groups based on baseline eGFR,:

) Volume 3; Issue 3



eGFR >90 mL/min/1.73 m’; eGFR 60-89 mL/min/1.73 m’; and eGFR 30-59 mL/min/1.73 m*". Key follow-
up index included: the change in pain intensity from baseline to 72 hours, recurrence time within 12/24 weeks,

and renal function measurements at Day8, 4 and 24 weeks after drug administration.

2.3. Treatment regimen

Patients were randomized in a 1:1 ratio to receive a single dose Firsekibart (200m) or compound
betamethasone(7mg) using a stratified block randomization method, with pain intensity at screening (50 <VAS
<70 mm vs. 70 <VAS < 100 mm) as the stratification factor. The study was designed by a 24-week of double-
blind core studies treatment followed by another 24-week open-label extension, and a 12-week safety follow-up
since last dose. During the double-blind period, patients who experienced a subsequent flare would require re-
treatment with the same study drug with a time interval of >14 days between doses.

2.4. Efficacy and safety evaluation

Change in the VAS pain score of the target joint, time to first new flare within 12/24 weeks, proportion of
patients experiencing at least 1 new flare and the mean number of flares per patient over 12/24 weeks were
measured to evaluate the efficacy.Besides ,we used change in creatinine and eGFR to evaluate the influence on
the renal function and the incidence of adverse events to evaluate the overall safety. Safety assessments were
classified according to the common terminology Criteria for Adverse Events, version 5.0.The occurrence of

adverse events in each subgroup during the study period was recorded.

2.5. Statistical analysis
Categorical data were presented as numbers and percentages. Continuous variables are presented as means
with standard deviations or medians with quartiles (quartile 1 [Q1], quartile 3 [Q3]). The full analysis set
(FAS) ,which included all randomized patients who received at least 1 dose of the study drug and had at least
1 post-treatment efficacy assessment, was used for the analysis of VAS scores and recurrence. The safety set
(SS) ,which included all randomized patients who received at least 1 dose of the study drug and had safety
assessments, was use for the analysis of renal function and

For the change in pain intensity at 72 h post-dose, a non-inferiority test was conducted using a mixed-effects
model for repeated measures. The model included baseline VAS score as a covariate, treatment group, assessment
time points, and the interaction between treatment group and time points as fixed effects. For the time to first new
flare within 12 weeks after treatment, HR of the Firsekibart versus Compound betamethasone group was estimated
with stratified Cox proportional hazards model using the prespecified stratification factors at randomization. The
median time to flare and corresponding 95% CI for each group were estimated with the Kaplan-Meier method.

3. Outcomes

3.1. Baseline characteristics

A total of 311 patients (156 in the Firsekibart group and 155 in the Compound betamethasone group)
were included in full analysis set (FAS). Baseline demographics and disease characteristics were generally
comparable between groups (Table 1).
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Table 1. Baseline data

Firsekibart group(N = 156)

Compound betamethasone group(N = 155)

>90mL/  60-89mL/  30-59 mL/ Total >90mL/  60-89mL/  30-59 mL/ Total
min/1.73 m>  min/1.73 m’>  min/1.73 m* (N=156) min/1.73 m*>  min/1.73 m>  min/1.73 m’ (N= 155)
(N=176) (N =59) N=21) (N =80) (N =54) N=21)
Male, n (%) 76 (100) 59 (100) 21 (100) 156 (100) 79 (98.8) 52(963)  20(95.2)  151(97.4)
Age, Years, Mean (SD)  39.0 (11.87)  49.6 (12.36)  58.8(9.58)  45.7(13.73)  39.0(9.99) 473 (12.84) 554 (6.66) 44.1(12.16)
2:
BMI (kfs/g))’ e 98,00 (4.013)  27.19 (3.960) 26.17 (2.831) 27.45(3.885) 28.20 (4.290) 26.84 (3.197) 26.91 (2.692) (§77'§§)
Number of flares in
prior 1 year, n (%)
2 flares 7(9.2) 5(8.5) 1(4.8) 13 (8.3) 14 (17.5) 509.3) 1(4.8) 20 (12.9)
3-5 flares 38 (50.0) 28 (47.5) 7(33.3) 73 (46.8) 35(43.8) 25 (46.3) 9 (42.9) 69 (44.5)
6-12 flares 24 (31.6) 23 (39.0) 9 (42.9) 56 (35.9) 25(31.3) 15 (27.8) 7(333)  47(303)
> 12 flares 7(9.2) 365.1) 4(19.0) 14 (9.0) 6(7.5) 9(16.7) 4(19.0) 19 (12.3)
Presence of gouty tophi, ) (¢ o) 28 (47.5) 11 (52.4) 61 (39.1) 30 (37.5) 25 (46.3) 10 (47.6) 65 (41.9)

n (%)

eGFR: estimated glomerular filtration rate; BMI: body mass index

3.2.VAS scores analysis of patients with different baseline eGFRs
In total, VAS scores changes from baseline to 72h post-dose in Firsekibart and Compound betamethasone
groups were -57.09 mm and -53.77 mm, respectively, with a difference of -3.32mm

(95%CI:-7.561 to 0.914).In patients with baseline eGFR >90 ml/min/1.73 m’, the VAS scores changes from
baseline to 72h post-dose in Firsekibart and Compound betamethasone groups were -56.42 mm and -53.74 mm,
respectively, with a difference of -2.68 mm (95% CI: -8.949 to 3.594). In the patients with baseline eGFR of
60-89 ml/min/1.73 m’, the VAS scores changes from baseline to 72h post-dose in Firsekibart and Compound
betamethasone groups were -57.72 mm and -51.82 mm, with a difference of -5.90mm (95% CI: -12.401 to 0.602).
In patients with a baseline eGFR of 30-59 ml/min/1.73 m’, the VAS scores changes from baseline to 72h post-
dose in Firsekibart and Compound betamethasone groups were -58.22mm and -58.33mm, respectively, with a
difference of 0.11 mm (95% CI: -13.115 to 13.329) (Table 2). As the upper bound of the 95% CI was below the 10
mm, Firsekibart showed non-inferiority on pain relief, and consistent trend was seen in different eGFR subgroup.

3.3. Recurrence analysis of patients with different baseline eGFR

The median time to first new flare was not reached within 12 weeks in the Firsekibart group within different
baseline eGFRs, while in compound betamethasone group, it was 82 days in patients with baseline eGFR of
>90 ml/min/1.73 m’, 30.5 days in the patients with baseline eGFR of >60-89 ml/min/1.73 m’, and 21.0 days in
patients with a baseline eGFR of 30-59 ml/min/1.73 m’.

Compared with compound betamethasone, lower recurrence rate was seen in Firsekibart group . By week 12,
in patients with baseline eGFR of >90 ml/min/1.73 m’,10.64% patients in the Firsekibart group experienced >1
acute flare compared with 51.59% patients in the compound betamethasone group. Consistent results were shown
in patients with baseline eGFR of >60-89 and 30-59 ml/min/1.73 m’ (13.56% vs 77.78%, 4.76% vs 95.24%).

Compared with the compound betamethasone, Firsekibart reduced the 12-week risk of new flare in
patients with different baseline eGFRs (>90 mL/min/1.73 m’: hazard ratio (HR)=0.15, 95% CI: 0.072 to 0.329,
P<0.0001; 60-89 mL/min/1.73 m’: HR=0.09, 95% CI: 0.042 to 0.194, P<0.0001; 30-59 mL/min/1.73 m’:
HR=0.02, 95% CI: 0.003 to 0.158, P=0.0002). Consistent results were seen within 24 weeks(Table 3, Figure
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1).These results indicated that compared with compound betamethasone, Firsekibart reduced the risk of acute
gout recurrence within 12 and 24 weeks in different renal function situation

Table 2. VAS scores changes from baseline to 72 h in the full analysis set

Baseline eGFR Variables Fiesekibart group(N = 156) CB group(N = 155)
Total Change from baseline -57.09 -53.77
(mm), LSM (95% CI) (=60. 082, —54.098) (-56.767, -50.765)
Treatment difference -3.32
(mm) LSM (95% CI) (95%CTI:-7.561, 0.914)

>90 mL/min/1.73 m’ -56.42

(-60.911, -51.928)
-2.68 (-8.949, 3.594)

53.74
(-58.118, -49.366)

Change from baseline
(mm), LSM (95% CI)

Treatment difference
(mm) LSM (95% CI)
Change from baseline
(mm), LSM (95% CI)
Treatment difference
(mm) LSM (95% CI)
Change from baseline -58.22

(mm), LSM (95% CI) (-67.516, -48.927)

Treatment difference 0.11
(mm) LSM (95% CI) (-13.115, 13.329)

60-89 mL/min/1.73 m’ -57.72

(-62.209, -53.227)
-5.90 (-12.401, 0.602)

-51.82
(-56.515, -47.122)

30-59 mL/min/1.73 m’ -58.33

(-67.635, -49.022)

CB: Compound betamethasone, eGFR: estimated glomerular filtration rate; CI: confidence interval, LSM: least squares mean

Table 3. Recurrence analysis in in the full analysis set

Baseline eGFR Variables Fiesil;il;ai‘;g)r oup ﬁ\]f fli(;l;l)) HR (95:/0C§Ig)::$pared p-value
T e 0 o
0L 73 Recurrence rate (%) (95% CT) (5.4616(,).263.15 1 (41.1;;22.930)
Time to first acute gogt flare within 24 NR (NE, NE) 82.0 0.21 <0.0001
weeks (days) Median (95% CI) (48.00, -) (0.113, 0.408)
Recurrence rate (%) (95% C1) (10.6§‘5‘;4213.448) (44,02;,.7656.113)
Tim;;(;klzr(s;;yc:)&;vﬁﬁg ?gesleglll)n Y NRONENE) (24.()30(),555.00) (0.04%,03. 194) < 0.0001
0.8 mUminl T3nt Recurrence rate (%) (95% CD (7.0215.2556.289) (6602717 ,@.703)
T ek (o) i osog 1y NRONENEY G ) 0051020 <0000
Recurrence rate (%) (95% CI) (8.2416?.2275.265) (63.9;3,236.275)
30-59 mL/min/1.73 e’ Tim;gkf:r(s;:;;ti/[geoclL;ZS ?;Z:/inélll)n 2 NRENE) « 5.0201,509.00) (0.00(;,03.1 58) 0.0002
Recurrence rate (%) (95% CT) (0.68;‘,'7269.279) (80.2992,.29‘;.668)
Tim;;Zkf;r(S;:;;)t;izlli;: e(l;;l?ll;l * o NREEND) (15.0%){ '259‘00) (0.00%,03 167) < 0.0001
9.52 95.00

Recurrence rate (%) (95% CI)

(2.471, 32.995)

(79.470, 99.655)

CB: Compound betamethasone, eGFR: estimated glomerular filtration rate; HR: risk ratio; 95% CI: 95% confidence

interval
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Figure 1. Kaplan-Meier curve of time to first acute gout flare within 12/24 weeks with different eGFR groups in the full
analysis set A-C: Kaplan-Meier curve of time to first acute gout flare within 12weeks in eGFR: >90, 60-89, and 30-59 mL/

min/1.73 m2. D-F: Kaplan-Meier curve of time to first acute gout flare within 24 weeks in eGFR: >90, 60-89, and 30-59
mL/min/1.73 m2.

3.4. Renal function analysis of patients with different baseline eGFR

A total of 312 patients (156 in the Firsekibart group and 156 in the Compound betamethasone group) were
included in safety set (SS).The creatinine and eGFR were stable during 24-week observation in Firsekibart
group (Figure 2) . The changes in eGFR was -6.407~3.520 ml/min/1.73 m’ (least squares mean) in the
Firsekibart group with different eGFR stratification at multiple time observation points within 24 weeks(Table

4). Progression to stage 4 kidney disease (eGFR <30 ml/min/1.73 m’) was rare and just occurred in 1 (0.64%)
patient of Firsekibart group.
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-8~ eGFR200 -~ eGFR60-89 -#- eGFR 30-59

b 110 |

-8- eGFRz90 -#- eGFR 60-89 -#- eGFR 30-59

Week 4 - baseline

Creatinine (umol/L) 3.844 1.169
LSM (95% CI) (1.842, 5.846) (-0.902, 3.241)
eGFR (mL/min/1.73 m’) -5.059 -0.850
LSM (95% CI) (-8.322, -1.796) (-4.227, 2.526)
Week 24 - baseline
Creatinine (umol/L) 4.525 2.400
LSM (95% CI) (2.478, 6.573) (0.381,4.419)
eGFR (mL/min/1.73 m’) -6.407 -3.382
LSM (95% CI) (-9.621, -3.193) (-6.552,-0.212)
60-89 mL/min/1.73 m’ Day 8 - baseline
Creatinine (umol/L) -0.629 -1.785
LSM (95% CI) (-2.891, 1.633) (-4.150, 0.580)
eGFR (mL/min/1.73 m’) 1.073 1.989
LSM (95% CI) (-1.115, 3.260) (-0.298, 4.275)
Week 4 - baseline
Creatinine (umol/L) -1.035 1.513
LSM (95% CI) (-4.061, 1.990) (-1.996, 5.022)
eGFR (mL/min/1.73 m®) 2.003 -0.508
LSM (95% CI) (-0.692, 4.698) (-3.634,2.619)

Week 24 - baseline

Creatinine (umol/L) 4.407 -3.664
LSM (95% CI) (1421, 7.393) (-6.909, -0.419)
¢GFR (mL/min/1.73 m’) -3.350 4.414
LSM (95% CI) (-5.987,-0.713) (1.548, 7.280)
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Figure 2. Effects of Firsekibart on creatinine and eGFR in safety set.
Table 4. Changes in creatinine and eGFR in safety set
Baseline eGFR Variables Fiesekibart group (N = 156) CB group (N = 156) Difference
>90 mL/min/1.73 m’® Day 8 - baseline
Creatinine (umol/L) 2.483 1.612 0.870
LSM (95% CI) (0.717, 4.248) (-0.109, 3.333) (-1.599, 3.340)
¢GFR (mL/min/1.73 m’) -3.486 -2.184 -1.302
LSM (95% CI) (-6.273, -0.699) (-4.900, 0.532) (-5.199, 2.595)

2.675
(-0.212, 5.562)

-4.209
(-8.912, 0.494)

2.125
(-0.758, 5.008)

-3.025
(-7.551, 1.501)

1.156
(-2.126, 4.439)

-0.916 (-4.091, 2.259)

-2.548
(-7.207, 2.111)

2.510
(-1.642, 6.663)

8.071
(3.652, 12.490)

7764
(-11.672, -3.856)
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Table 4 (Continued)

Baseline eGFR Variables

Fiesekibart group (N = 156) CB group (N = 156)

Difference

30-59 mL/min/1.73 m’

Creatinine (umol/L)

Day 8 - baseline

-3.555 -3.125

-0.430

LSM (95% CI) (-9.949, 2.839) (-9.678, 3.429) (-9.642, 8.782)
eGFR (mL/min/1.73 m®) 1.546 (-1.180, 4.272) 2.411 (-0.382, 5.205) -0.865 (-4.794, 3.064)
LSM (95% CI)
Week 4 - baseline
Creatinine(umol/L) -7.177 -10.063 (-20.786, 0.660)  2.886 (-10.795, 16.568)
LSM (95% CI) (-15.600, 1.246)
¢GFR (mL/min/1.73 m®) 3.520 (-0.670, 7.710) 6.164 -2.645 (-9.479, 4.190)
LSM (95% CI) (0.821, 11.507)
Week 24 - baseline
Creatinine(umol/L) 2.124 -11.024 13.148
LSM (95% CI) (-9.513, 13.760) (-22.951, 0.903) (-3.617,29.913)
¢GFR (mL/min/1.73 m’) 0.569 (-3.627, 4.764) 6.112 -5.543
LSM (95% CI) (1.811, 10.412) (-11.592, 0.505)

CB: Compound betamethasone, eGFR: estimated glomerular filtration rate; CI: confidence interval, LSM: Least squares
mean

3.5. Adverse events analysis of patients with different baseline eGFR

The overall incidence of treatment-emergent adverse events (TEAEs) was comparable between groups,
occurring in 111 patients (71.2%; grade > 3, 12.2%) in the Firsekibart group and 109 patients (69.9%; grade >
3, 10.9%) in the compound betamethasone group. Treatment-related adverse events (TRAEs) were reported in
79 patients (50.6%; grade > 3, 10.9%) receiving Firsekibart and 80 patients (51.3%; grade > 3, 5.1%) receiving
compound betamethasone. Compared with compound betamethasone, Patients in Firsekibart group experienced
less treatment-emergent serious adverse events (TESAE) (1(0.6%) vs 6 (3.8%)). All 3 treatment-related serious
adverse events (TRSAE) cases occurred in the Compound betamethasone group. The adverse events in different
eGFR stratification were shown in Table 5.

Table 5. Adverse events in safety set

Fiesekibart group (N = 156)
60-89 mL/ 30-59 mL/

CB group (N = 156)
60-89 mL/ 30-59 mL/

>90 mL/ >90 mL/

min/l.73m’  min/l.73m’  min/1.73 m? (NT:tl"‘Sl o MWLM min173m’ min/d73m’ (NT:tl"‘sl 6
(N =76) (N =59) (N=21) (N =80) (N =55) (N=21)
11 109
0,
TEAE (%) 59 (77.6) 42(712) 10 (47.6) 1) 60 (75.0) 38 (69.1) 11 (52.4) (©9)
TRAE (%) 46 (60.5) 26 (44.1) 7 ” 45 (56.3) 29 (52.7) 6 (28.6) 80
: : (33.3) (50.6) : : : (51.3)
Grade > 3 of 6 1 19 3 17
TEAE (%) 12(158) (10.2) (4.38) (12.2) 12(15.0) (5.5) 209 (10.9)
Grade > 3 of TRAE 4 1 17 5 3 8
(%) 12058) (6.8) (4.8) (10.9) 6.3) (5.5) 0 1)
I I 3 3 6
0,
TESAE (%) 0 (1.7) 0 (0.6) (3.8) (5.5) 0 (3.8)
3 3
0,
TRSAE (%) 0 0 0 0 0 55 0 (19)

CB: Compound betamethasone, eGFR: estimated glomerular filtration rate; TEAE: treatment-emergent adverse events;
TRAE: treatment-related adverse events; TESAE: treatment-emergent serious adverse events; TRSAE: treatment-related
serious adverse events
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4. Discussion

In this study, the pain relief efficacy of Firsekibart was comparable to that of compound betamethasone at 72
hours in patients with different baseline eGFRs. Besides,compared with compound betamethasone , Firsekibart
reduced the recurrence risk of gout over 12/24 weeks. In the evalution of renal function, creatinine and eGFR
were stable during 24-week observation in Firsekibart group. In the evalution of adverse events, there was no
obvious difference in the overall incidence of TEAESs between Firsekibart and Compound betamethasone, and
patients in Firsekibart group experienced less TESAE and TRSAEs, indicating that Firsekibart had a favorable
safety profile.These results support that Firsekibart has better efficacy than Compound betamethasone in gout
patients with CKD without worsening renal function, and its long-term use may offer a higher safety profile
than compound betamethasone.

Recurrent gout flare can lead to multisystem damage through persistent inflammatory responses and
monosodium urate crystal deposition, including irreversible joint destruction, secondary tophi infection, and
increased risk of acute cardiovascular events'®. Studies have shown enhanced renal medullary echogenicity in
patients with severe gout, possibly due to sodium urate crystallization and the formation of stones within the
renal medulla””, suggesting that sodium urate crystal-driven inflammation may directly affect kidney structure
and function in patients with gout'"”. An prospective study including 0.5 million adults showed frequent gout
flares (>2) greater elevated risks for CKDEHR compared to no gout=10.95Bthan single gout flare(HR compared
to no gout=3.01)""". Therefore, preventing recurrent gout attacks is crucial for the treatment of patients with
gout and CKD. The current study confirmed that Firsekibart reduced the risk of gout recurrence , and this
advantage was consistent in patients with different stages of CKD. These results suggest that the efficacy of
Firsekibart in preventing gout flare can also befinet kidney.

According to the 2024 edition of the “Clinical Practice Guidelines for the Assessment and Management
of Chronic Kidney Disease” released by KDIGO, a global kidney disease prognosis organization, when
conducting risk assessment for CKD patients, if the eGFR changes in CKD patients occur in follow-up testing
> 20% exceeding expectations, further attention and evaluation are needed””. In the present study, patients
with different baseline eGFRs in both groups experienced small fluctuations in eGFR at different times after
treatment. The changes in eGFR from the baseline was -6.407~3.520 ml/min/1.73 m’ in the Firsekibart group
and -3.382~6.164 ml/min/1.73 m” the Compound betamethasone group, which did not meet the criteria
indicating a significant change in CKD patient.Therefore, neither compound betamethasone nor Firsekibart
showed any adverse effects on kidney function in this study..

Colchicine and NSAIDs are the first-line drugs for treating gout attacks, and glucocorticoid can also be
considered when there are contraindications or poor treatment effect for colchicine/ NSAIDs . However,
these drugs need to be used with greater caution in patients with CKD. Colchicine treatment may cause
gastrointestinal adverse reactions, liver and kidney damage, and bone marrow suppression, and regular
monitoring of liver and kidney function and routine blood tests are required”’. NSAIDs may have adverse
effects on the kidneys, including acute and chronic renal failure, nephrotic syndrome with interstitial nephritis,

. . . . . 21
papillary necrosis, and decreased potassium and sodium excretion™"

. Glucocorticoids are commonly used for
gout patients with CKD, but long-term use can cause significant side effects such as glucolipid metabolism
disorders, increased risk of infection, and osteoporosis'®. Firsekibart is a novel, fully human anti-interleukin-
1B monoclonal antibody, which dot not excrete through the kidneys in its original form, making it a potentially

better choice for gout patients with CKD.
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Anti-inflammatory therapy is vital to reducing gout attacks and kidney damage. Sodium urate crystals
formed during hyperuricemia initiate gout by activating monocytes and macrophages. IL-1p released after
macrophage activation can cause infiltration and activation of joint neutrophils, leading to other local and
systemic inflammatory responses””. There is a bidirectional relationship between IL-1B and monocytes/
macrophages, which are the main source of IL-13, which in turn activates macrophages. IL-1p also stimulates
the release of other inflammatory cytokines such as tumor necrosis factor a (TNF-a)) and interleukin-6 (IL-
6) by activating the nuclear factor kB (NF-kB) pathway, causing local inflammation and kidney damage'".
In addition, uric acid itself activates the immune system, and uric acid from nucleosides released in dead
cells has been shown to have a significant promoting effect on inflammatory responses in the body"”". In
the kidney, urate-induced activation of NLRP3 inflammasomes and release of IL-1B promote chemokine
signaling in proximal tubular cells, leading to tubular damage and proteinuria, which in turn promotes
intrarenal inflammation, interstitial fibrosis, and the development of chronic kidney disease™. Therefore, anti-
inflammatory therapy, especially targeting IL-1p as a key effector in the inflammatory response, can alleviate
tissue damage caused by hyperuricemia and urate crystallization at the pathological level. This also provides the
theoretical foundation for the treatment effects of Firsekibart in gout patients with CKD.

The safety analysis in this study showed the overall incidence of TEAEs between Firsekibart and
compound betamethasone group were comparable, and it remains consistent in the each eGFR subgroup

analysis.

5. Conclusion

In summary, IL-1B inhibitors have both theoretical and clinical research support for treating gout and
reducing the progression of CKD. In this study, Firsekibart demonstrated non-inferior short-term pain relief
while offering better prevention of new flares, with a lower incidence of serious adverse events compared to
compound betamethasone, and results was consistent across eGFR subgroups. Both Firsekibart and compound
betamethasone showed little effect on renal function.

This trial has several limitations. Firstly,it is a post-hoc subgroup analysis based on existing data, the
sample size of each subgroup is small and the follow-up time is not long enough to comfirm the observation
of renal outcomes. Nevertheless, the results still provide a preliminary reference for clinical practice, and more
researches with larger samples are needed to verify the above conclusions in the future.
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Abstract: E2F5 is a member of E2F transcription factor superfamily, controlling many molecular activities, such as cell
proliferation, cell differentiation, DNA repair and cell death. Therefore, it is closely related to the occurrence, development
and prognosis of a variety of cancers. In recent years, with the rapid development of bioinformatics, genomics and
epigenetics, this study has further elucidated of E2F5 in the tumor cell cycle. Based on the latest research reports, this
study reviewed the structural composition, dynamic activity regulation of E2F5, and how its transcription program driven
by carcinogenic activity changed the progress of various tumor cell cycles, especially how it converted from a “gatekeeper”
to a “destroyer”, thus affecting abnormal biological behaviors of tumor cells. Our aim is to provide a new direction for the

development of E2F5 targeted therapy strategies and drug resistance in the future.
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1. Introduction

In the early 1990s, Joe Nevins et al. found an active factor that induced the transcriptional activation of adenovirus
E2 promoter at the early stage of replication, named as adenovirus early region 2 binding factor (E2F). They
also found that adenovirus early region 1A (E1A) transforming protein could cause the reverse transcriptional
activation of adenovirus E2 promoter, and stimulate the entry of cell cycle by inhibiting E1 related protein pRB

and inducing the release of E2F agonist . Subsequently, in 1995 Victoria buck screened another new member
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of E2Fs family in a yeast two hybrid test. The homology of DNA binding domain with E2F4 was 87%, and the
homology of tag box and pocket protein binding domain with the same region of E2F4 was respectively 75% and
72%, and the protein sequence and molecular tissue also had the same amino acid residues as E2F4. Based on this
similarity, he named the new member E2F5, which represents a subfamily of E2F protein family with E2F4, and
defined its molecular structure and physiological function for the first time .

Retinoblastoma protein (RB) plays the important role in regulating gene transcription and chromatin
remodeling, affecting cell cycle progression, cell senescence and tumorigenesis. As the first tumor suppressor
discovered, RB is absent or mutated in at least one third of human tumors. Rb-E2F pathway integrates proliferation

signals with cell cycle checkpoints to ensure proper cell division and genomic integrity

. The precise regulation
of E2F activity makes RB plays a central role in determining cell fate.

Cancer is a polygenic disease in the eukaryotic cell cycle, involving the genetic and epigenetic changes of key
genes in the cell cycle. The cell cycle is a series of highly organized events. Multiple checkpoints have been set
up to monitor the growth signal and DNA integrity during cell proliferation. Among them, G,/S phase transition is
crucial to maintain DNA conservation. The CDK-RB-E2F axis is the core transcription mechanism driving the cell
cycle process, determining the spatiotemporal nature of genome replication and the accuracy of genetic material
transmission. As the final effector, E2F transcription factor family is encoded by eight genes into transcriptional
activators and transcriptional inhibitors, which are involved in many important cellular processes, such as cell
proliferation, differentiation and apoptosis. As one of the classic E2F family inhibitors, the expression of E2F5 is
cell cycle dependent and mainly regulates gene expression in G, and S phases, just like the gatekeeper standing in
front of the checkpoint. Abnormal expression and activity of E2F5 may lead to malignant cell proliferation, which
is a common phenomenon in various cancers.

Therefore, this article describes the structural composition of E2F5 and its dynamic activity regulation in the
cell cycle, focusing on how its transcription program driven by carcinogenic activity changes the progress of tumor
cell cycle, converted from the gatekeeper to the destroyer, then affects the abnormal biological behavior of tumor

cells such as proliferation, migration, invasion and apoptosis.

2. E2F5 molecular structure

In cytogenetics, E2F5 gene is located on human chromosome 8q21.2 and contains 10 exons. It is encoded by
346 amino acids and has a predicted molecular weight of 38 kDa. E2F5 contains three highly conserved active
regions: the wing helix DNA binding domain, the dimer domain, and the reverse transcription activation domain.
The E2F family recognizes TTT (C/G) (C/G) (C/G) CGC, a consistent DNA sequence in the promoter of target
genes. The E2F5 dimer domain consists of a heterodimer helix Helicon domain and a heterodimer f§ - sandwich
domain connected by two small helixes and two small chains. Before binding to DNA, E2F5 needs to interact
with transcription factor dimers (TFDP1, TFDP2 and TFDP3) to form a dimer through protein-protein interaction
through oligomerization sites on the dimer domain, containing leucine zipper (LZ) and marker frame (MB)
domains . The amino acid sequence at the oligomerization site has strong conservation, and connecting with
the DNA binding domain and forms a certain spatial conformation. It is reported that TFDP1 and TFDP2 can be
identified in humans, mice, dogs and other species, while TFDP3 is not found in mouse cells, but can be captured
in humans and highly expressed in many malignant tumors . Although TFDP3 has high sequence homology with
TFDPI1 and TFDP2, and combining with E2F family members to enhance E2F DNA binding activity. However,
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TFDP3 can down regulate E2F family mediated transcriptional activation. Most E2Fs and TFDP1/2 are mainly
nuclear localization, While the subcellular localization of TFDP3 is cell cycle specific. It is expressed in the
nucleus of G, phase and the end of mitosis, and in the cytoplasm of S phase and G, phase, which is similar to
the cell cycle specific localization of E2F4 and E2F5.In quiescent cells (G0), the inhibited E2F5 mainly interacts
with TFDP1/2 to block the transcription of cell cycle related genes. In circulating cells, E2F5 and TFDP1/2/3
are shuttled into the cytoplasm after the pocket protein in the middle and late stages of G, is phosphorylated and
inactivated. At the same time, E2F1-3 combines with TFDP1/2 to activate target gene transcription, promote G,—S
phase transition, or form a complex with TFDP3 to inhibit its activity level, resulting in E2F activity threshold not
reaching the limit point of G,—S phase transition, and cell cycle is blocked in G, phase .

When E2F and DP protein family members interact as E2F/DP heterodimers, E2F has physiological functions
and its transcriptional activity is regulated by the physical association of different pocket protein family members.
The members of pocket protein family are composed of N-terminal domain, pocket domain and disordered
sequence, including C-terminal domain, inter domain linker and pocket ring. The pocket domain is divided
into two non-covalently interacting subdomains composed of folded cyclins and three additional helixes. It is
combined with E2F reverse transcription activation domain through LxCxEcleet. The C-terminal domain not only
forms another binding plane with the marker frame domain of E2F/DP heterodimer, but also contains the docking
sites of a variety of kinases and phosphatases. It is reported that the deficiency of LXCXE binding function of
RB will lead to the significant increase of E2F3 level and promote tumorigenesis, and the deletion of LXCXE
binding domain will also lead to the instability of mouse genome, emphasizing that RB plays an important role in
maintaining the stability of chromosome structure """

Different pocket protein subtypes (RB, pl107 and p130) are different from each other. For example, p107
and p130 have 54% sequence homology, 30% homology with RB and similar domain structure . Both pocket
proteins can bind to E2F5, but p107 and p130 almost only bind specifically to E2F4 and E2F5. Tyler J. Liban et al.
discovered that the C-terminal domain of p107 has a higher affinity for E2F4/5 by using structural and biochemical
analysis, which is necessary to mediate the growth inhibition function, and p107 is only related to E2F4/5 %,

Unlike E2F1-3, E2F4 and E2F5 do not have inherent nuclear localization signals (NLS), but contain nuclear
export signals (NES). The nuclear localization signal activity is provided by DP heterodimer chaperone or pocket
protein trans. The nuclear cytoplasmic localization of E2F5 in the cell cycle is consistent with the expression
fluctuation of pocket protein in regulating nuclear accumulation, indicating that the nuclear cytoplasmic shuttle

activity mediated by E2F nuclear accumulation mechanism plays a significant role in the cell cycle '

3. Role of E2FS5 in cell cycle

Cell cycle refers to the process from the end of parental cell division to the end of offspring cell division. It is
composed of G,, S, G, and M phases, among which G,, S and G, phases are collectively referred to as interphase.
Mammalian cells are highly controlled by both positive and negative growth regulatory signals in the G,/S phase.
By regulating the transcriptional activation of E2F, the cells make irreversible DNA replication. Accordingly, E2F
is crucial in the proliferation control of normal cells and tumor cells.

A single subtype of E2F will show different expression levels and activity patterns throughout the cell
cycle. The nature of cell cycle dependent dynamic gene expression is driven by the sequential combination of
E2F activators and inhibitors with target promoters, requiring the coordination of gene expression and cell cycle
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regulatory proteins. One of the key periods is the transition from G, phase to S phase, and E2F5, RB and other
afferent regulatory factors play a pivotal role in this transition process. They are strictly regulated in transcription,
mRNA stability, post-translational modification, protein-protein interaction and protein stability. Here this study

summarizes the main regulatory mechanisms of E2F5 in the cell cycle.

3.1. Pocket protein regulates E2FS by phosphorylation

Pocket protein family is a critical negative regulator of cell cycle, regulating transcription by directly inhibiting
E2F and recruiting transcriptional co regulators that modifying histone and chromatin structures. In G, phase,
dephosphorylated pocket protein combines with E2F5 reverse transcription activation domain to form inhibition
complex with a variety of cofactors on the target gene promoter, directly inhibiting the expression of target gene.
In G, phase, when mitogen activated protein kinase signaling pathway transmits extracellular signals through
kinase cascade reaction, it triggers cell proliferation, forms a complex between cyclin and cyclin dependent kinase
(CDK), phosphorylates serine 807/811 (S807/811) and threonine 821 (T821) sites of RB, and turns RB into pRB.
After RB inactivation, E2F5 is released from the complex and shuttles to the cytoplasm, increasing E2F activator
activity and inducing transcriptional activation of G,—S phase target genes, promoting the process of cell cycle.
RB plays a major role in protecting genomic integrity and preventing uncontrolled cell proliferation, and is a key
barrier to prevent tumorigenesis.

RB is an important barrier to prevent tumorigenesis, plays the crucial role in protecting genome integrity and
preventing uncontrolled cell proliferation. RB knockout is fatal in mouse embryos, and knockout of p107 or p130
will lead to a viable phenotype "', In addition, the tumor suppressive characteristics of RB gene are considered
to be stronger than p107 and p130, and mutations are often found in human tumor cells ">'*!. In contrast, p107 and
p130 gene mutations are not common in cancer. Heterozygous mutant RB mice spontaneously develop tumors,
while p107 and p130 mutant mice do not. Many tumorigenesis and pathological states are related to the loss of
control caused by cell cycle checkpoint interruption. For example, overexpression of RB inhibits early events
in G, phase and prevents cells from entering S phase. Then RB gradually phosphorylates from G, phase to G,
phase, completing the complete closed loop of positive and negative regulatory signaling pathways in cell cycle.
The accumulation of RB in the cytoplasm is significantly related to the phosphorylation of serine 795 (S795) site,
resulting in the weakening of its tumor inhibitory activity in the nucleus .

On the one hand, RB combined with E2F5 to block the transcription of target genes, showing the ability of
“inhibit activation”. On the other hand, RB-E2F5 complex retains the ability to bind to the promoter of the target
gene, and recruits’ factors, such as histone deacetylases (HDACs) and methyltransferases, that affect the gene
and chromatin structure, resulting in transcriptional inhibition, showing the ability of “active inhibition”. Loss of
RB function or dysfunction of related pathways can lead to excessive cell proliferation, genomic instability and
accumulation of gene mutations. Furthermore, RB signaling pathway is intertwined with other signaling cascades
involved in cell cycle regulation and tumor inhibition, such as MARK, p53, PI3K-Akt-mTOR, increasing the
complexity of cell cycle regulation.

In summary, the imbalance of RB-E2F5 signal will destroy the intracellular homeostasis. Whether it is gene
mutation, functional defect, epigenetic change or environmental induction, it can release the carcinogenic potential
of cells, leading to the occurrence, development and treatment resistance of tumors. On the contrary, changes in the
expression or activity of Rb and E2F5 may lead to sensitivity or resistance to specific anti-tumor therapy, making
them potential predictive markers of tumor therapy.
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3.2. Regulation of subcellular localization on E2F5

Most of E2Fs were mainly located in nucleus, but E2F5 showed cell cycle specific localization. The nuclear
export signal of E2F5 is mediated by a transporter protein (XPO1, also known as CRM1), which is located in the
nucleus of quiescent cells and in the cytoplasm of circulating cells. Allen et al. found that the nuclear localization
signal accumulation of E2F5 is produced by DP or supplied by physically related pocket protein trans. On the
one hand, the cytoplasmic localization of E2F5 may be passive, and E2F5 combined with DP can overcome the
interaction with nuclear localization signals. DP plays a dominant role in regulating nuclear localization signal in
DP/E2F5. On the other hand, when E2F5 was co-expressed with DP-1 and p107, p107 significantly changed the
nuclear localization ratio of DP/E2F5 (from < 5% to > 90%), indicating that pocket protein trans provided nuclear
localization to control the nuclear accumulation of DP/E2FS. It is worth noting that the nuclear accumulation
of E2F5/DP is regulated by cell cycle. When E2F5 and DP-3 coexist, the proportion of cells in G,/M phase will
increase significantly. In contrast, under the same conditions, the co-expression of E2F5 and p107 lead to the
accumulation of G, phase, and E2F5 is co-expressed with DP-3/p107 in the nucleus. Different E2F5 nuclear
accumulation mechanisms have different biological consequences on cell cycle progression. When mediated
by DP chaperone, cells receive stimulation to promote growth. While mediated by pocket protein, cell cycle
progression is blocked, thus maintaining the transcriptional activity of E2F target gene !'°.

3.3. Self-transcription and post transcriptional regulation of E2F5

In terms of self-transcription, E2F5 completes a cell cycle through self-regulation. in the early stage of G, E2F5
was released from the inhibition of pocket protein, to combine with pocket protein and return to the nucleus in the
late stage of mitosis, formed a closed loop. At the post transcriptional level, E2F5 mRNA stability and translation
are strictly regulated by a variety of miRNAs. For example, miR-154 is reported to be abnormally expressed
in prostate cancer, hepatocellular carcinoma and renal cell carcinoma """, The former two are used as tumor
suppressors to inhibit growth and proliferation, while in renal cell carcinoma, mir-154 is used as a carcinogen to
participate in cancer cell proliferation and anti-apoptosis. Moreover, targeted miRNA has a profound impact on
tumor drug resistance. Such as miRNA-34a targeted down regulated E2F5 expression, significantly enhancing the
sensitivity of gastric cancer cells to paclitaxel treatment and overexpression of mir-544 in esophageal squamous
cell carcinoma targets E2F5 to enhance cisplatin sensitivity “**'"". Multiple miRNAs can adjust the expression and
activity of E2F5, thereby regulating a variety of E2F5 target genes and affecting biological processes related to
cell proliferation. On the contrary, E2F5 can regulate the expression of multiple miRNAs to build an interactive
regulatory network.

4. Role of E2FS in tumor cells

Malignant tumors produce drug resistance by changing the cell cycle process which also known as cell cycle
specific mechanism or upstream signaling pathway which also known as cell cycle nonspecific mechanism and
the imbalance of cell proliferation and apoptosis signal regulation is related to tumorigenesis. As a member of
the core cell cycle mechanism, E2F5 is involved in the occurrence and development of a variety of cancers.

4.1 Renal cell carcinoma (RCC)

The expression level of E2F5 in clear cell renal cell carcinoma (ccRCC) decreased, and its low expression was
significantly correlated with longer overall survival, disease-specific survival and progression free survival. It
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was also an independent factor related to overall survival and progression free survival in patients with ccRCC,
and its expression was significantly correlated with DNAmethylation and copy number *. E2F5 also showed a
low expression level in chromophobe renal cell carcinoma (chRCC), and the expression level was correlated
with the histological grade of chRCC, including T and N stages **..

4.2. Ovarian cancer

E2F5 is overexpressed in the early stage of ovarian cancer, especially in serous and endometrioid ovarian cancer.
The expression of E2F5 can be up-regulated to 5 times in the process of early progression to advanced stage, so it
is considered to be a carcinogen. When E2F5 and CA125 are combined, the sensitivity and specificity of detection
of epithelial ovarian cancer (EOC) can be improved to 97.9% and 72.5% “***'. Daniel et al. found that the response
of different E2F to INF-vy intervention is heterogeneous, and the increased expression of E2F5 is the key factor
for INF-y to play an anti-proliferative role in ovarian cancer cells “*. In recent years, E2F5 has been found to
be highly expressed in cisplatin resistant ovarian cancer cells and promotes proliferation as a positive regulator,
indicating that E2F5 may be a new target for the treatment of drug-resistant ovarian cancer. Knockdown of E2F5
can reduce the expression levels of cyclin D1, CDK4 and pRB through Hippo and Wnt-f-Catenin pathways, make
cells accumulate in G,/G, phase, and significantly block the cell cycle from entering G,/S phase . FAT4 can
reduce the expression of E2F5, promote the transition of G,/S phase of cell cycle, and accelerate cell growth and

epithelial-mesenchymal transition *°.

4.3. Breast cancer

E2F5 specific signal is located between MOS (8q12) and MYC (8q24), which is also the place where 50-60% of breast
cancer genes are amplified, indicating that E2F5 may cooperate with other oncogenes to promote cell transformation
and thus promote the occurrence and development of tumors **!. It is reported that the abnormal methylation degree of
E2FS5 in breast cancer tissues is low, and its promoter methylation frequency is also low, and the methylation degree of
well differentiated tumors is often lower than that of poorly differentiated tumors *”. Carson broeker et al. detected
that E2F5 deficient mice retained the integrity of lactation function, but also spontaneously developed into highly
metastatic breast cancer after a long incubation period .

In triple negative breast cancer (TNBC), overexpression of E2F5 was more common, and increased E2F5
was also observed in tissues with high Ki-67. In addition, the positive expression of E2F5 in patients with negative
lymph nodes will show worse clinical prognosis and shorter disease-free survival. The overexpression of E2FS5 is
associated with invasive histopathology and worse clinical prognosis °*. Down regulation of E2F5 could reduce
the proliferation rate of tumor cells and induce the death of ER ) breast cancer cells with wild-type TP53, but
had little effect on TNBC cells with TP53 mutation and Her-2 “ breast cancer cells. Although there was a slight
increase in G,/M phase cells in E2F5 deleted TNBC cells, the fluctuation of p21 WAF1 expression was not found

after E2F5 deletion in TNBC cells, and there was no increase in G,/M phase cells in HER-2" breast cancer cells "',

4.4. Hepatocellular carcinoma

The increased expression of E2F5 in hepatocellular carcinoma (HCC) tissues is significantly correlated with tumor
stage and poor overall survival . Ji et al. described that FOXN3 inhibits E2F5 expression by directly combining
with its promoter, but this inhibition can be reversed by up regulating E2F5 **!. Contrary to the above conclusion,
Zou et al. found that the expression of E2F5 was down regulated in HBV infection related HCC cells, and the level
of HBV infection was negatively correlated with the expression of E2F5, revealing that the cell growth promoting
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mechanism of HBV may play an important role in the progress of HBV related HCC . Jiang et al. identified
that the 8q21.2 locus, also the E2F5 locus gene of primary HCC was repeatedly amplified through genome-wide,
microarray, and comparative genomic hybridization analysis. Down regulation of E2F5 could significantly inhibit
the growth of HCC cells and block the cell cycle at G,/G, phase. E2F5 may be involved in the regulation of early
G, events, including G,/G, phase transition, lifting the restriction of checkpoints, inducing uncontrollable cell
cycle progression in hepatocytes, and ultimately promoting cancer transformation through joint action with other

carcinogens .

4.5. Prostatic cancer

E2FS5 is a carcinogen gene in prostatic cancer (PCa). Overexpression of E2F5 was significantly correlated with
high Gleason score, high transcription level, high biochemical recurrence risk, advanced tumor stage, metastasis
and low survival rate after metastasis. E2F5 low expression tissues are often accompanied by abundant plasma
cells and NK cells, driving antibody-dependent cell-mediated cytotoxicity (ADCC) to promote anti-tumor
immunity. E2F5 may potentially affect the progress of PCA by interfering with anti-tumor immunity °*. Increased
copy numbers of E2F5 and MYC were also observed in the chromosome 8q21-24 region of PCa cells, and their
synergistic effect may be related to invasive clinicopathological features . Qi et al. discovered that endogenous
CDK13 can promote the formation of circ-CDK13 and significantly promote the expression of E2F5 by reducing
the expression of miR-212-5p/449. As a transcription activator of CDK 13, E2F5 also stimulates the transcription
of CDK13. This positive feedback regulation promotes the growth and proliferation of PCa cells, and this circ-
RNA produced with the transcription of primary genes regulates the expression of primary genes and downstream
target genes through positive feedback, which may be one of the important reasons for the drug resistance of tumor

cells to molecular targeted drugs .

It is reported that E2F5 may be involved in the regulation of G,/G, phase of PCa cells. Majumder s et al.
found that the transcription level of E2F5 in tumor tissues with Gleason score of 6 was significantly higher than
that in tumor tissues and benign prostatic hyperplasia (BPH) tissues with Gleason score greater than 6. They
further verified that E2F5 and SMAD?3 were co-located in PCa cells, and their distribution in the nucleus was
increased. Down regulation of E2F5 would reduce the phosphorylation level of p38 and SMAD3, leading to the
arrest of PCa cells in G, phase "\, Li et al. reported that overexpression of E2F5 and (or) PFTK1 was significantly
associated with the highly invasive PCa phenotype. Silencing E2F5 and PFTK1 not only significantly increased
the proportion of G,/G, phase cells, but also inhibited the expression of CDK2 and CDK4 . Tariq a. bhat et al.
clarified that decursin downregulated ERK1/2 phosphorylation by targeting EGFR-ERK1/2 pathway, increased
the expression of p27, p107 and p130, but significantly reduced the expression levels of E2F5, CDK2 and CDKA4,
thereby inducing strong G, arrest and cell death of PCa cell*". Karmakar deepmala et al. showed that E2F5 as a
bifunctional transcription factor, on the one hand inhibited the expression of TFPI2 (TFPI2 negatively regulated
the level and activity of MMP-2 and MMP-9), on the other hand activated the transcriptional expression of
MMP-2 and MMP-9 genes. They also found that artemisinin can reduce the expression of E2F5 and reverse the
dysfunctional interaction between TFPI2 and MMPs in PC3 cells **. It has been reported that artemisinin can
trigger G, phase arrest and improve the proliferation rate and invasiveness of PCa cells '’ However, the relevant
mechanism of artemisinin mediated E2F5 down-regulation remains to be explored. Similarly, Chapla Agarwal
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et al. observed that IP6 could significantly reduce E2F5 protein levels by 70% with the increase of dose and the
extension of treatment time, and reduce the molecular levels of CDK4, cyclin D1, pRB and other molecules
involved in the control of G,/S phase transition. Besides, IP6 also induced the expression of Cipl/p21 and Kipl/
p27, resulting in the decrease of Bcl-2 and the increase of Bax/Bcl-2 ratio, and the strong accumulation of cell
cycle in G, phase accompanied by the decrease of S phase and G,M phase **. According to the report, cell
apoptosis often occurs in G, phase, and G,/S phase arrest can accelerate cell apoptosis, suggesting that IP6 may

simultaneously activate cell proliferation arrest and apoptosis to induce the growth inhibition of PCa cells **.

4.6. Other malignant tumors

In head and neck squamous cell carcinoma (HNSCC), gastric cancer, colon cancer and esophageal squamous
cell carcinoma (ESCC), E2F5 overexpression was found, and was significantly correlated with pathological
malignancy, poor prognosis and low overall survival. It was also negatively correlated with the infiltration of
activated dendritic cells, macrophages, neutrophils and NK cells " At present, the “protective” characteristics
of E2F5 in renal cell carcinoma are still unexplained, which may be related to cell proliferation, differentiation,
DNA repair, cell cycle control and cell death, and the related mechanism remains to be further studied.

The stable expression of E2F5 can specifically induce quiescent cells to enter the cell cycle, and its abnormal
expression behavior may be determined by the specific cell environment, the existence of overlapping binding
sites and the interaction between promoter and target genes. In a study on cervical cancer associated with high-
risk human papillomavirus (HPV) infection, HPV 18 converts E2F5 into an activator by directly transcribing
and activating the major carcinogenic protein E7. E2F5 directly activates E6/E7 transcription, overcomes Gy/G,
checkpoint blocking by degrading p53 and pRB, and indirectly and positively regulates the entry of cells into S
phase. The transition of E2F5 from inhibition to activation may enhance the carcinogenic potential of HPV18 and
promote the progression of cervical cancer **. Down regulation of E2F5 in pancreatic cancer and neuroblastoma
can trigger G,/G, phase block. Knockout of E2F5 in gastric cancer can increase the number of cells in G,
phase and reduce the number of cells in S phase, leading to the stagnation of tumor cells in G,/S phase ***%. In
general, E2F5 seems to act as a gatekeeper to control the transcription and expression of target genes at immune
checkpoints during early cell cycle events, especially the transition from quiescent cells to circulating cells. Its
precise regulation of cell cycle is an important guarantee to ensure growth, proliferation and differentiation.
The abnormal expression of E2F5 is common in various tumors, and it seems that the transition from the “
gatekeeper” to the “destroyer” has made it the latest breakthrough point in current cancer treatment.

5. Conclusion and perspective

The abnormal activity of core cell cycle mechanism basically exists in all tumor types, and it is also the driving
force of tumor occurrence and progression. E2F5, as one of the core gatekeepers of cell cycle, mainly regulates
the gene expression in G,/S phase, showing the characteristics of cell cycle dependence. Its precise expression
and activity are crucial for protecting cells from abnormal proliferation, ensuring the spatiotemporal nature of
genome replication and the accuracy of genetic material transfer. However, the abnormal expression and activity
of E2F5 are also important mechanisms for the occurrence and development of various cancers. Cancer cells with
uncontrolled proliferation use the characteristics of E2F5 in different ways, strengthening the uniqueness and
dependence of E2F5 program driven by oncogenes. The abnormal expression of E2F5 in tumor cells may be a

manifestation of tumor specificity. More and more evidences show that the change of E2F5 expression is the key
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mechanism of chemotherapy resistance of cancer cells, especially in the presence of CDK4/6 inhibitors. Therefore,

E2F5 is a potential biomarker for molecular diagnosis.
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Abstract: Background: Previous studies indicated that immune cells and Metabolites might play an important role in the
occurrence and development of Prostate Cancer (PCa). Our study aimed to illustrate the causal effects between immune
cells and metabolites and PCa risk, and the mediating role of metabolites between immune cells and PCa. Methods: This
study utilized immune cells as Exposures, metabolites as Mediators, and PCa as Outcomes. Initially, immune cell and
metabolite data were processed. Subsequently, a four-stage approach involved six Mendelian randomization analyses:
Stage one focused on batch immune cell to PCa MR (MR 1); Stage two involved immune cell to PCa Reverse MR
(MR 2); Stage three performed batch metabolite to PCa MR (MR 3); Stage four included three MR analyses: prostate
carcinogenesis related immune cells to PCa-related metabolites MR yielding beta 1 (MR 4), PCa-related metabolites to
PCa MR yielding beta 2 (MR 5), and prostate carcinogenesis related immune cells to PCa MR yielding beta All (MR 6).
Finally, mediation and direct effects were computed. Results: Our research identified twenty-five immune cells and nine
metabolites associated with the incidence of PCa. Among the most intriguing associations, genetically predicted “CD25
on IgD" CD38" Unswitched Memory (unsw mem) cells” are linked to an increased risk of PCa, Notably, 14.6% (1.68%,
27.5%) of this risk is mediated through the metabolite “3-hydroxypyridine sulfate levels” with a mediated effect of 0.00235
(0.00027, 0.00442) and a p-value of 0.026751157. This indicates that an increase in “CD25 on IgD" CD38 unsw mem
cells” can promote the development of PCa by reducing the levels of “3-hydroxypyridine sulfate”. Conclusions: Our
findings suggest that 3-hydroxypyridine sulfate mediates the association between CD25 on IgD" CD38 unsw mem and
increased PCa risk. This study unexpectedly found that elevated 3-hydroxypyridine sulfate levels may explain how coffee
consumption could protect against PCa.
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1. Introduction

PCa is a significant global health concern, with approximately 1.3 million new cases diagnosed each year.
Currently, there are around 10 million men living with a PCa diagnosis, with about 700,000 of them having
metastatic disease. Metastatic PCa is responsible for over 400,000 deaths yearly, and this number is projected
to more than double by 2040 '), Therefore, it is imperative to research the molecular mechanisms underlying its
development, identify the root causes of the disease, and ultimately work towards preventing its occurrence.

Recent research published in Nature highlights that immune cells can identify cancer cell antigens and present
them to T cells and B cells for elimination *'. Despite PCa typically being considered an immunologically “cold”
tumor, it is indeed infiltrated by various types of immune cells . Studies on the immune-related microenvironment
indicate that both innate and adaptive immune cells play roles in the development and progression of PCa *.

Additionally, previous study identified 103 genes associated with immune cell abundance in the tumor
microenvironment, illustrating how genetic variations influence the expression of immune genes "*. Immune cells,
especially B cells, undergo various genetic stresses during their maturation and activation processes . Double-
strand DNA breaks and mutations are crucial for normal immune function; however, improper management of
these DNA damages can lead to serious consequences such as immune deficiencies or cancer . These findings
collectively underscore how genetic factors may impact the expression and infiltration of immune cells, thereby
potentially influencing the onset and progression of PCa.

Furthermore, relevant investigations have demonstrated a possible relationship between plasma metabolite
concentrations and PCa risk '*'. Studied discovered that 49 metabolites were related with PCa survival . As lipid
metabolism contributes to the progression of PCa and citrulline metabolites may signal subclinical PCa """,
While lignans and in vivo metabolites, particularly enterolactone (ENL), may be employed as chemo-preventive
treatments for PCa "*. Vitamin D and its metabolites can help cure and prevent PCa "*. L-methionine (I-Met) and
its metabolites play an important role in the development of PCa "*.

Metabolites are highly hereditary, where relevant studies have revealed that the expression of metabolites is
affected by genetics, epigenetics, and the environmental factors "'*"”). At the same time, Metabolite concentrations
are influenced by both genetic and environmental factors **. However, there is still absence of research
investigating the potential causal relationship between immunity and metabolism in the pathogenesis of PCa.

Mendelian randomization (MR) serves as a causal inference technique that leverages genetic variants as a
surrogate for exposure, resembling a natural randomized controlled trial and mitigating confounding bias and
reverse causality often present in observational studies. Multivariable Mendelian randomization (MVMR) is an
extended method that enables the investigation of independent effects of correlated exposures on an outcome by
include genetic variations of each exposure in the same model. Additionally, since traditional, non-instrumental
variable methods for mediation analyses would experience bias due to confounding between an exposure,
mediator, and outcome as well as measurement error, a two-step MVMR study can be used to investigate the
pathways through which an exposure affects an outcome and improve causal inference in mediating effects '/,

This study examined the independent causal relationships between immune cells and metabolites in the
development of PCa, utilizing immune cells as exposure factors, metabolites as mediating factors, and PCa as
outcome factors. The focus was on the mediating effect of metabolites on alterations in immune cell numbers

during the pathogenesis of PCa, providing a foundation for further research on the disease.
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2. Methods

2.1. Study design

This study utilized immune cells as Exposures, metabolites as Mediators, and PCa as Outcomes. Initially,
immune cell and metabolite data were processed by correlational analysis of genetic factors and exposures,
removal of linkage disequilibrium Single Nucleotide Polymorphisms (SNPs), and exclusion of weak instrumental
variables. Subsequently, a four-stage approach involved six Mendelian randomization analyses: First, MR Analysis
of batch immune cells to PCa (MR 1). Second, the Reverse MR Analysis: PCa was sent to immune cells for MR
Analysis (MR 2). Third, the MR Analysis of batch metabolites to PCa (MR 3). Then, the mediating effect analysis
included three MR Analyses including the MR Analysis of prostate carcinogenesis related immune cells (MR 4),
the MR Analysis of PCa-related metabolites to PCa (MR 5) and the MR Analysis of prostate carcinogenesis related
immune cells of PCa to NAFLD (MR 6). Finally, mediation and direct effects were computed. The research ideas
are detailed in Figure 1.

| Exposures |—| Mediators |—4 Outcomes |l2} data processing

Immune cells  ——C:All effect: beta All (MR 1)——{  Pea Sereening for Pca-
related immune cells
Screen immune cells th
Immune cells [«—D: Reverse MR, P>0.05 (MR 2y——  Pea [ ~Er at do not have reverse r
esults
Metabolites F—(MR 3)—» Pca SEnal PFa—
Then related metabolites
Metabolite
Azbetal )] ‘3']’-‘::"_““‘-‘1'"3'?_‘1'““ SB:beta2
/(MR 4 sulfate levels) (MR 5)
v Immune cell e Al effect: heta Al(VIRG jrm— .
~--f3 (CD25 on IgD+ CD38- Pea o Medla}ed‘MR
unsw mem B Cells) =C":Direct effect I analysis
Finaly Mediation effect=betal *beta2 Direct effect = All effect - Mediation effect

Figure 1. Overview of the study design.

2.2. Data sources of exposures, mediators, and outcomes
The PCa data of the European population published in 2021 from the Genome-Wide Association Study (GWAS)
summary date (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90018905/) was obtained, with a total of 211227,
and the sample size, 24119306 Number of SNPs *?. The immune cell data of the European population from the
literature was downloaded, including a total of 731 immune cells, numbers from GCST0001391 (https://www.ebi.
ac.uk/gwas/studies/GCST0001391) to the GCST0002121 (https://www.ebi.ac.uk/gwas/studies/ GCST0002121) #V,
The metabolite data of the European population from the literature was downloaded, including a total of 1399
metabolites and 34843 SNPs this date which was accessible and available at (http://ftp.ebi.ac.uk/pub/databases/
gwas/summary_statistics/) . The above three sets of data were selected from populations of European ancestry
to reduce potential bias from population stratification.

This study utilized the R 4.3.2 TwoSampleMR package to filter data with a p-value < 1 x 107, extracting
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SNPs strongly correlated with “immune cells or metabolites”. Parameters were set to kb = 10000 and 1* = 0.001
to filter out SNPs in linkage disequilibrium. Using the ‘ieugwasr’ R package, and removed weak instrumental
variables (defined as those poorly correlated with the phenotype or explaining minimal phenotype variance, with F
<10).

2.3. MR of batch immune cells or metabolites to PCa (Step one, three)

To identify immune cells and metabolites associated with PCa, Mendelian randomization analyses were conducted
using the TwoSampleMR, version 0.42, R package. Five methods (MR Egger, Weighted median, Inverse variance
weighted (IVW), Simple mode, Weighted mode) were employed for batch MR analysis of immune cell datas or
metabolites to PCa, with IVW as the primary method **. Results were filtered using p-value < 0.05, and immune
cells and metabolites showing consistent directional odds ratios (OR > 1 or OR < 1) across all five MR methods

were finally extracted.

2.4. Reverse MR of Immune cells to PCa (Step two)

To screen for immune cells associated with the pathogenesis of PCa, MR Analysis (MR 2) was performed in this
study, where the reverse MR Analysis of immune cells to NAFLD, using PCa as the exposure factor and immune
cells as the outcome variable. Pleiotropy results were filtered with p > 0.05 to obtain negative results, and immune
cells with p < 0.05 were excluded.

2.5. Mediation MR (Step four)

In Steps one to three, Mendelian Randomization (MR1,2,3) was used to identify prostate carcinogenesis related
immune cells and PCa related metabolites. In Step four, three MR analyses was concluded including the MR (MR4)
of prostate carcinogenesis related immune cells on PCa related metabolites to identify metabolites mediating the
effect of immune cells on PCa development, obtain effect size betal. Next is MR (MRS5) of PCa related metabolites
on PCa to obtain effect size beta2. Then is MR (MR6) of prostrate carcinogenesis related immune cells on PCa
to obtain total effect size betaAll. For these analyses, this study has employed the TwoSample MR package and
applied the MR-PRESSO method for pleiotropy testing to identify and remove biased SNPs (significance level <
0.05) ™. Then performed heterogeneity testing, created scatter plots, forest plots, and funnedl plots and conducted
a Leave one out analysis. Finally, calculate the mediating effect beta (1 x 2) = beta 1 x beta 2, direct effect (beta
dir) = total effect (beta all) — mediating effect (beta 1 x 2).

3. Result

3.1. Screening of PCa-associated immune cells

In Step one, 731 immune cells were referred from the literature. After removing invalid instrumental variables, this
study further filtered it down to 729 immune cells. Using five different Mendelian Randomization (MR1) analysis
methods, and 34 immune cells was identified to have a causal relationship with PCa. Further screening revealed
26 immune cells with consistent OR directions and p-value < 0.05 across all five MR methods.

In Step two, reverse Mendelian Randomization analysis was used to identify 25 prostate carcinogenesis
related immune cells (revp-value > 0.05) for subsequent mediation Mendelian Randomization (MR2) analysis.
These immune cells include IgD CD38” %lymphocyte, CD62L" monocyte %emonocyte, CD39" resting Treg AC,
Secreting Treg % CD4 Treg, Activated & resting Treg % CD4 Treg, Monocytic Myeloid-Derived Suppressor
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Cell (Mo MDSC AC), CD14 CD16" monocyte %monocyte, Leukocyte AC, CD8br NKT %T cell, CD24 on
IgD" CD24", CD24 on IgD” CD38", CD24 on unsw mem, CD25 on IgD" CD38 unsw mem, IgD on IgD" CD24,
CD3 on CD39" resting Treg, HVEM on EM (effector memory) CD8br, HVEM on CDS8br, CD4 on monocyte,
FSC-A (forward scatter area) on plasmacytoid dendritic cell (DC), FSC-A on NK, Side Scatter Area (SSC-A)
on granulocyte, CD11c¢ on myeloid DC, CD11¢c on CD62L" myeloid DC, HLA DR on DC, and HLA DR on
CD33dim HLADR' CD11b.

3.2. Screening of PCa-associated metabolites

In Step three, 1400 metabolites were initially obtained from the literature. After removing instrumental variables,
1400 metabolites were screened. Further analysis using five Mendelian randomization (MR3) methods identified
1399 metabolites with potential causal relationships to PCa. Among these, 9 metabolites consistently showed odds
ratios (OR) and p-value < 0.05 across all five MR methods. These metabolites include Cysteinyl glycine disulfide,
3-hydroxypyridine sulfate, Sulfate of piperine metabolite C,,H,,NO;, Sarcosine, oxidized Cys-gly, Arachidonate
(20:4, n-6), X-19438, Phosphate to citrate ratio, and the ratio of Androsterone glucuronide to Etiocholanolone
glucuronide.

3.3. The mediation Mendelian randomization analysis
In Steps one to three, prostate carcinogenesis-related immune cells and PCa related metabolites were screened
for potential use in intermediate Mendelian randomization analysis. Subsequently, in step four, three Mendelian

randomization analyses were conducted.

3.3.1. Result of prostate carcinogenesis related immune cells to PCa-related metabolites MR (MR
4)

A causal relationship between prostate carcinogenesis-related immune cells (CD25 on IgD" CD38™ unsw mem)
and the PCa-related metabolites (3-hydroxypyridine sulfate levels, CST90199990) was discovered. All five MR
methods showed a beta (B) value of < 0, with the IVW method presenting a p-value of < 0.05 and an OR value
of < 1. Combining the scatter plot and forest plot, the analysis indicates that CD25 on IgD" CD38 unsw mem
is a protective factor for 3-hydroxypyridine sulfate levels. As the number of CD25 on IgD" CD38™ unsw mem
increases, the levels of 3-hydroxypyridine sulfate decrease; conversely, as the number of CD25 on IgD" CD38"
unsw mem decreases, the levels of 3-hydroxypyridine sulfate increase. The leave-one-out analysis suggests that
the MR analysis results are reliable and stable. The funnel plot analysis shows no heterogeneity of SNPs. For
further details, see Figure 2.
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Figure 2. CD25 on IgD+ CD38- unsw mem on 3-hydroxypyridine sulfate levels of MR analysis result. A. Scatter plot; B.
Forest plot of SNP; C. Leave one-out-plot plot; D. Funnel plot.

3.3.2. Result of PCa-related metabolites to PCa MR (MR 5)

Through analysis, it was discovered that there is a causal relationship between PCa-related metabolites
(3-hydroxypyridine sulfate levels) and PCa. The b (beta 1) values of all five methods were < 0, the p value of the
IVW method was < 0.05, and the OR < 1. Combined with the scatter plot and forest plot, the analysis indicates
that “3-hydroxypyridine sulfate levels” are a protective factor for PCa. As the levels of “3-hydroxypyridine sulfate
levels” increase, the risk of PCa decreases; conversely, as the levels decrease, the risk of PCa increases. The leave-
one-out analysis demonstrated the reliability and stability of the MR analysis results. The funnel plot analysis
indicated that the SNPs do not exhibit heterogeneity. For further details, refer to Figure 3.
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Figure 3. 3-hydroxypyridine sulfate levels on PCa of MR analysis result. A. Scatter plot; B. Forest plot of SNP; C. Leave
one-out-plot plot; D. Funnel plot.

3.3.3. Result of prostate carcinogenesis related immune cells to PCa MR (MR 6)

A causal relationship between prostate carcinogenesis and immune cells expressing “CD25 on IgD" CD38” unsw
mem” was discovered. The b (beta 1) values of all five methods were > 0, with the [IVW method showing a p-value
< 0.05 and an OR > 1. Combined scatter plot and forest plot analyses indicate that “CD25 on IgD" CD38 unsw
mem” is a risk factor for PCa. As the quantity of “CD25 on IgD" CD38 unsw mem” increases, the risk of PCa
also increases; conversely, a decrease in “CD25 on IgD" CD38 unsw mem” quantity lowers the risk. Leave-
one-out analysis demonstrates the reliability and stability of MR analysis results. Funnel plot analysis shows no

heterogeneity in SNP. See Figure 4 for details.
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Figure 4. CD25 on IgD+ CD38— unsw mem on PCa of MR analysis result. A. Scatter plot; B. Forest plot of SNP; C. Leave
one-out-plot; D. Funnel plot.

3.3.4. Mediation effect, mediation ratio, and direct effect

Based on the formula: Mediation effect (betal2) = betal x beta2, Direct effect (beta_dir) = Total effect (beta_all)
— Mediation effect (betal2), the mediated effect is 0.00235 (0.00027, 0.00442), the mediated proportion is 14.6%
(1.68%, 27.5%), and the p-value is 0.026751157 (Table 1). The direct effect is 0.0137478280. In each of the three
Mendelian randomization analyses conducted, the IVW method demonstrated a p-value << 0.05. The initial two
analyses revealed an odds ratio (OR) << 1, while the third analysis exhibited an OR > 1. This indicates that an
increase in the number of “CD25 on IgD" CD38™ unswitched memory B cells” can promote the occurrence of PCa
by reducing “3-hydroxypyridine sulfate levels”, with a mediation effect of 14.6%, which is statistically significant.
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See Figure 5 for details.

Table 1. Multivariable Mendelian randomization and mediation analyses result OF CD25 on IgD" CD38™ unsw
mem, 3-hydroxypyridine sulfate levels and PCa

Immune cell Metabolite Outcome Mediated effect Mediated proportion p-value

CD25 onIgD" CD38  3-hydroxypyridine sulfate 0.00235 (0.00027,

unsw mem levels PCa 0.00442) 14.6% (1.68%, 27.5%)  0.026751157
exposure outcome nsnp method pval OR(95% CI)

CD25 on IgD+ CD38- unsw mem GCST90199990 23 MR Egger 0.065 =} 0.977 (0.955 to 1.000)
23 Weighted median 0.361 Q 0.986 (0.957 to 1.0186)

23 Inverse variance weighted 0.024 O 0.979 (0.961 to 0.997)

23 Simple mode 0.809 ‘ 0.994 (0.951 to 1.040)

23 Weighted mode 0.225 0.982 (0.954 to 1.011)

3-hydroxypyridine sulfate levels Prostate Cancer 24 MR Egger 0.073 '—3—§ 0.868 (0.749 to 1.0086)
24 Weighted median 0.202 o 0.936 (0.845 to 1.036)

24 Inverse variance weighted 0.001 ... 0.896 (0.837 to 0.958)

24 Simple mode 0.560 »—or—c 0.950 (0.800 to 1.127)

24 Weighted mode 0.488 —o— 0.948 (0.816 to 1.101)

CD25 on IgD+ CD38- unsw mem Prostate Cancer 24 MR Egger 0.672 é) 1.004 (0.985 to 1.024)
24 Weighted median 0.207 . 1.014 (0.992 to 1.036)

24 Inverse variance weighted 0.045 :. 1.016 (1.000 to 1.032)

24 Simple mode 0.242 s 1.020 (0.988 to 1.054)

24 Weighted mode 0.252 1.012 (0.992 to 1.032)

1
1

Figure 5. Forest plot of multivariable Mendelian randomization and mediation analyses result for CD25 on IgD+ CD38—
unsw mem, 3-hydroxypyridine sulfate levels and PCa.

4. Discussion

Previous studies indicated that immune cells and metabolites might play an important role in the occurrence and
development of PCa "****. Our study aimed to illustrate the causal effects between immune cells and metabolites
and PCa risk, and the mediating role of metabolites between immune cells and PCa. Our results suggested that 25
immune cells and 9 metabolites were associated with PCa. The most intriguing correlation is with the genetically
predicted “CD25 on IgD" CD38 Unswitched Memory B cells” was associated with an increased risk of PCa, and
14.6% (1.68%, 27.5%) of this effect was mediated through Metabolite “3-hydroxypyridine sulfate levels”.

This research have first identified that the expression level of “CD25 on IgD" CD38 Unswitched Memory
B cells” correlates with an elevated risk of PCa incidence. Relevant studies have manifested that compared to the
normal prostate tissue, higher B cell infiltration was found in the PCa regions, suggesting that B cells can facilitate
the development of PCa and serve as a therapeutic target *”. According to the expression levels of IgM, IgD, CD10,
CD19, CD24, CD27 and CD38, B cells could be divided into eight continuous differentiated subsets, namely
Immature B cells, T1 Transitional B cells, T2 Transitional B cells, T3 Transitional B cells, Naive B cells, unswitched-
memory B cells (unsw-mem B), switched-memory B cells (unsw-mem B), Plasmablast cells *'*. Many studies refer
to cells with either the phenotype CD27 IgM'IgD" or CD27IgM IgD" as unswitched memory B cells. Among them,
IgD serves as a marker for regulatory B cells involved in negative regulation of immune and inflammatory responses;
CD38 is a multifunctional receptor and enzyme present on the surface of B lymphocytes ™***. It influences B cell

functions by cross-linking with relevant cytokines, inducing B lymphocyte proliferation and apoptosis, thereby
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affecting immune regulation in the body and promoting tumorigenesis; and CD25 is activated B cell markers,
one study shown that CD25 expresses at high level in B-ALL patients with BCR/ABL™, which may serve as a
predictive marker for the presence of BCR/ABL fusion gene, and relates with relapse, CD25) may serve as an
adjuvant indicator for poor prognosis . Therefore, based on the above studies, it is reasonable to hypothesize
that elevated levels of CD25 expression on IgD" CD38 Unswitched Memory B cells may indicate a poor
prognosis for the disease, which consistent with our research.

3-Hydroxypyridine sulfate serves as a serum marker for coffee consumption, has been reported to be
associated with multiple diseases. One study found that the organic compound 3-hydroxypyridine sulfate was
significantly associated with an increased risk of Diabetic retinopathy (DR), and some studies have shown that
3-hydroxypyridyl sulfate are inversely associated with the risk of asthma and primary gastric cancer " *". While
there are currently no studies investigating the correlation between 3-hydroxypyridine sulfate and prostate cancer,
numerous literature reports exist examining the relationship between coffee intake and prostate cancer. Some
studies suggest an increased intake of coffee may be linked to a reduced risk of PCa, however, some studies
indicate no clear evidence of an association with PCa incidence. Nevertheless, they collectively suggest that
coffee consumption is associated with a reduced risk of fatal PCa, and possibly due to non-caffeine components
of coffee *'"*. So, what are the main components of coffee consumption that play a protective role against
prostate cancer? Our research may answer this question. Relevant studies have shown that 3-hydroxypyridine
sulfate may affect the proliferation and apoptosis process of prostate cells by affecting the availability and activity
of androgens . Future investigations, including prospective cohort studies and in vitro/in vivo experiments, are
necessary to explore the association between levels of 3-hydroxypyridine sulfate in coffee metabolites in the blood
and PCa. Such efforts aim to contribute to our understanding and prevention strategies against PCa.

For the first time, 3-hydroxypyridine sulfate was identified to mediate the effect of “CD25 on IgD" CD38"
Unswitched Memory B cells” on the onset of prostate cancer. The mechanism may be that 3-hydroxypyridine
sulfate affects CD25 expression level in the context of B cell activation and memory formation *.

A multivariate Mendelian randomization (MVMR) approach was used to analyze the results, which is
similar to a natural randomized controlled trial, which avoids the confounding bias and reverse causality of
some observational studies, and also incorporates the genetic variants of each exposure into the same model to
investigate the independent effects of related exposures on the results. The results are consistent with those of
previous studies. To date, this study are the first to investigate the causal relationship between immune cells and
metabolites and the risk of PCa, and our study is also the first to demonstrating that the number of CD25 on IgD"
CD38 Unswitched Memory B cells increase, which may increase the risk of PCa by reducing 3-hydroxypyridine
sulfate levels.

However, the study has three limitations. Firstly, our analysis is based solely on European populations, which
may limit the generalizability of our findings to other regions ' **!. In future studies, including populations from other
regions for analysis should be considered. Secondly, our prostate cancer data only discussed overall prostate cancer
cases and did not perform clinical staging of prostate cancer. Thirdly, our study shows that 3-hydroxypyridine sulfate
levels mediated genetic prediction in PCa rate of 14.6%, still needs more research to quantify other medium.

5. Conclusion

In summary, this study revealed the causal relationship between immune cells and metabolites and PCa through
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mediated Mendelian randomization analysis, and findings indicate that 3-hydroxypyridine sulfate levels mediate
the observed association between CD25 on IgD" CD38 unsw mem and heightened risk of PCa. This study
speculate that increased levels of the metabolite 3-hydroxypyridine sulfate may serve as a potential mechanism by
which coffee consumption exerts a protective effect against the occurrence or progression of PCa. This hypothesis
presented novel avenues for future research in this field.
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Abstract: Objective: To investigate the effect of isothermal flushing solution on the body temperature of patients
undergoing holmium laser lithotripsy under ureteroscopy. Method: Thirty patients who underwent ureteroscopic holmium
laser lithotripsy in our hospital from August 2024 to August 2025 were selected as the study subjects. They were randomly
divided into an observation group and a control group using a random number table method, with 15 patients in each
group. Among them, the observation group patients received intraoperative infusion of isothermal flushing solution, while
the control group patients received intraoperative infusion of flushing solution at room temperature. Compare and analyze
the changes in vital signs before and after surgery, temperature levels at different time points during surgery, and incidence
of adverse reactions during the perioperative period between two groups of patients. Result: The postoperative central
body temperature, mean arterial pressure, and heart rate of the observation group were significantly better than those of the
control group (p < 0.05); The body temperature of observation groups T1, T2, and T3 was better than that of the control
group; The incidence of adverse reactions was significantly lower than that of the control group (p < 0.05). Conclusion:
The application of isothermal flushing solution in ureteroscopic holmium laser lithotripsy can improve the safety of
the surgery, maintain the patient’s body temperature during the operation, effectively reduce the occurrence of adverse

reactions, and promote patient recovery.
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1. Introduction

Holmium laser lithotripsy under ureteroscopy has become one of the mainstream surgical methods for treating
ureteral stones due to its advantages of minimal trauma and precise efficacy. Continuous infusion of flushing
solution during surgery can not only ensure clear surgical field of view, but also reduce the difficulty of
removing debris. However, under the influence of long-term and large infusion of flushing solution at room

temperature, the fluctuation of the patient’s core body temperature is significant, and hypothermia related
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At present, clinical research on how to maintain intraoperative body temperature stability by optimizing
flushing fluid parameters is increasingly focused on, and the advantages of temperature flushing fluid are
gradually becoming prominent. This article mainly explores the effect of isothermal flushing solution on the
body temperature of patients undergoing holmium laser lithotripsy under ureteroscopy.

2. Data and methods

2.1. General Information

This experiment included a total of 30 patients who underwent holmium laser lithotripsy under ureteroscopy.
Random number table method was used for group allocation, with a total of 15 patients participating in the
control group, including 9 males/6 females; The average age is (45.21 + 6.88) years old; For the average
diameter of stones, this group had a diameter of (1.35 + 0.41) cm; an additional 15 cases were included in the
observation group, with 10 males/5 females; The average age is (46.13 + 7.25) years old; The average diameter
of the stones in this group was (1.38 + 0.43) cm. There was no statistically significant difference in the above

information between the two groups of patients (p > 0.05).

2.1.1. Inclusion criteria
(1) Diagnosed with ureteral calculi through imaging examination, meeting the indications for holmium
laser lithotripsy under ureteroscopy
(2) ASA classification I-1I
(3) The body has no severe infection or other serious illness
(4) The patients and their families are aware of the experimental procedures, objectives, etc. and express
their willingness to cooperate

2.1.2. Exclusion criteria
(1) Within the range of severe cardiovascular and cerebrovascular diseases
(2) Abnormal coagulation function
(3) Patients with preoperative fever or abnormal body temperature

(4) People who are allergic to the components of the flushing solution

2.2. Method

In the intervention process for both groups of patients, tracheal intubation anesthesia was taken as the primary
step, and the surgical operation was performed by the same group of medical staff. Ureteroscopy, holmium laser
equipment, and surgical procedures were all the same.

The control group used room temperature flushing solution (22-25 °C) for intraoperative perfusion,
controlling the perfusion pressure. The pressure perfusion pump was used as the main tool to ensure that the
index value was between 80-120mmHg, and the perfusion speed was adjusted according to the clarity of the
surgical field of view. The observation group used isothermal flushing solution for intraoperative perfusion,
and the flushing solution was preheated to 37 °C by a constant temperature heater, which was consistent with
the core body temperature of the human body. The parameters such as perfusion pressure and speed were not
different from those of the control group.

39 Volume 3; Issue 3



2.3. Observation indicators

2.3.1. Vital signs indicators

Select 10 minutes before and 10 minutes after surgery as monitoring and judgment time points, and compare the
two groups based on accurate understanding of central body temperature, mean arterial pressure, and heart rate.

2.3.2. Intraoperative body temperature
Record the central body temperature of two groups of patients 10 minutes before surgery (T0), 30 minutes after

surgery (T1), 60 minutes after surgery (T2), and at the end of surgery (T3).

2.3.3. Perioperative adverse reactions
Observe and record how many patients in each group experienced chills, nausea, vomiting, and worsening

incision pain within 1 day after surgery, and use the total incidence rate as an important comparative indicator.

2.4. Statistical processing

SPSS 24.0 software was used to process the data. Count data was expressed as the number of cases (%) and
subjected to a chi square test. Metric data was expressed as mean + standard deviation (X = s) and subjected to a
t-test. p < 0.05 was considered statistically significant.

3. Results
3.1. Comparison of vital signs indicators between two groups of patients

The vital signs of the observation group were more stable than those of the control group 10 minutes after
surgery (p < 0.05), as shown in Table 1.

Table 1. Comparison of vital signs indicators between two groups of patients (X * s)

Central body temperature (°C) Heart rate (Time/Min) Mean arterial pressure (mmHg)
Group Count Pre- Post- Pre- Post- Pre- Post-
down operative 10 operative 10 operative operative 10 operative operative
min min 10 min min 10 min 10 min

Control group 15 36.71 £ 0.40 35.77+£0.32 73.11 £4.87 82.45+5.59 84.90 £ 5.84 95.66 +6.21

Obsger‘(')‘;?‘on 15 36.80+£0.36  36.69+£027  7259+534  7517+498  8523+6.12  87.04+574
t-value 0.648 11.285 0.279 3.766 0.151 3.948
p-value 0.522 0.000 0.783 0.001 0.881 0.000

3.2. Comparison of body temperature between two groups of patients at different time
points during surgery

The body temperature of observation groups T1, T2, and T3 was better than that of the control group (p < 0.05),
as shown in Table 2.
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Table 2. Comparison of body temperature between two groups of patients at different time points during

surgery (°C, X £5)

Group Countdown T0 T1 T2 T3
Control group 15 36.72+0.37 36.21+£0.30 35.89+0.33 35.80+0.32
Observation group 15 36.88 £0.32 36.71 £0.27 36.70 £0.22 36.59+0.24
t-value 1.267 4.798 7.910 7.649
p-value 0.216 0.000 0.000 0.000

3.3. Comparison of perioperative adverse reaction rates between two groups of patients

In the comparison of the total incidence of adverse reactions, the observation group had a lower value (p < 0.05),
as shown in Table 3.

Table 3. Comparison of perioperative adverse reaction rates between two groups of patients [n (%
p periop group p

Group Countdown  Shiver Nausea and vomiting Increased incision pain Overall incidence rate
Control group 15 3 2 1 6 (40.00)
Observation group 15 0 1 0 1(6.67)
¥’ -value 4.658
p-value 0.031

4. Discussions

Under ureteroscopy, holmium laser lithotripsy relies on continuous irrigation of flushing fluid to achieve clear
surgical field and stone removal. However, the temperature difference between the flushing fluid and the body
can easily cause heat exchange, leading to a decrease in core body temperature. The incidence of hypothermia
is relatively high in this surgical procedure, mainly due to the flushing fluid taking away body heat, anesthesia
inhibiting the thermoregulatory center, and closely related to surgical exposure. Low body temperature can
activate the body’s stress response, causing changes in heart rate and blood pressure in a stable state. It may
also have an impact on immune function, which is not conducive to early postoperative recovery for patients .
Therefore, how to effectively maintain the intraoperative body temperature of patients undergoing ureteroscopic
holmium laser lithotripsy is of great concern in clinical practice. The core of body temperature flushing solution
refers to flushing products with a temperature that is consistent with the normal body temperature (about 37 °C)
to avoid stimulating sensitive parts of the body due to temperature differences. In ureteroscopic holmium laser
lithotripsy, low-temperature flushing solution has a certain impact on the mucosal epithelial cells of patients,
and the incidence of postoperative inflammatory reactions is relatively high. Waiting for the body temperature
flushing solution to be consistent with the physiological environment of the mucosa can minimize irritation to
the mucosa as much as possible.

The results of this study showed that the central body temperature of the observation group was (36.69 +
0.27) °C, the average arterial pressure was (87.04 £ 5.74) mmHg, and the heart rate was (75.17 + 4.98) beats/
min 10 minutes after surgery, all of which were better than the control group (p < 0.05). Moreover, the body
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temperatures of T1, T2, and T3 were more stable than those of the control group (p < 0.05), indicating that
equal temperature flushing solution can effectively reduce intraoperative heat loss, maintain stable core body
temperature, and avoid significant impact on the circulatory system. Analysis of the reasons: The isothermal
flushing solution is consistent with the core body temperature of the human body, which can avoid the “cold
dilution” effect caused by continuous infusion of room temperature flushing solution, and is conducive to
improving the imbalance between heat production and heat dissipation in the body thus achieving the goal of
maintaining a steady body temperature .

Compared with the 40.00% incidence of adverse reactions in the control group, 6.67% in the observation
group was in a more ideal state (p < 0.05), further confirming the clinical advantages of isothermal flushing
solution. The reason is that when the patient’s body temperature is in a stable state, the level of stress in the
body gradually decreases, which increases the incidence of stress reactions such as chills, nausea, and vomiting.
At the same time, avoiding the impact of low body temperature on local blood circulation at the incision site is

of certain value for the patient’s early postoperative recovery.

5. Conclusion

In summary, among patients undergoing ureteroscopic holmium laser lithotripsy, the use of isothermal flushing
solution has significant advantages and is one of the measures to maintain stable vital signs, avoid significant
temperature drops at different time points during surgery, and reduce the possibility of symptoms such as chills,
nausea, and vomiting. It is worth promoting and applying.
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