Pavlova et al. Pediatric Rheumatology (2024) 22:3

Pediatric Rheumatology
https://doi.org/10.1186/512969-023-00937-1

'RESEARCHARTICLE ~ OpenAcess,
®

Check for
updates

Predictors of fibrogenesis in children
with JIA: a single-center pilot study

Olga Pavlova'"®, Natalia Shevchenko'?, Sergey Pavlov?, Tetiana Holovko'? and Liudmyla Bogmat?

Abstract

Background Patients with rheumatological diseases are at high risk of developing irreversible fibrotic changes,
both articular and extra-articular, as a result of tissue damage caused by the chronic phase of persistent inflammation.
Thus, our purpose was to study early markers of fibrosis formation in children with juvenile idiopathic arthritis (JIA).

Methods Seventy patients with juvenile idiopathic arthritis, namely, polyarthritis (64.29%) and oligoarthritis (35.71%)
variant JIA (mean age 13.3 years, 64.29% girls, 35.71% boys), were included in this 4-year prospective study. Basic fibro-
blast growth factor (bFGF) and vascular endothelial growth factor (VEGF) levels were determined by ELISA kits.
Results We evaluated bFGF (mean: 7478.21 pg/ml; min: 4171.56 pg/ml; max: 18,011.25 pg/ml) and VEGF (mean:
34247 pg/ml; min: 23.68 pg/ml; max: 2158.91 pg/ml) levels in children with JIA. Children with JIA had a higher VEGF
level when JIA onset occurred after 15 years of age and they had a high disease activity; additionally, a higher bFGF
level was observed in children older than 14 years and in those with a JIA onset after 15 years of age, the oligoarticular
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Conclusions Laboratory screening of fibrosis formation predictors could help identify patients who may be
at greater risk of adverse outcomes. Children with JIA had higher bFGF and VEGF levels when JIA onset occurred
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Background

Patients with rheumatological diseases are at high risk
for poor outcomes when severe fibrosis occurs as a result
of tissue damage caused by the chronic phase of persis-
tent inflammation [1]. Organ fibrosis during rheumatoid
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arthritis (RA) is a result of a dysregulated tissue repair
process due to fibroblastic cell types and activation states
and inflammatory macrophages [2]. As a result, a com-
mon extra-articular manifestation of RA is lung involve-
ment, which is a leading cause of death in patients with
RA and is associated with significant morbidity and
mortality [3]. Cardiovascular complications are the lead-
ing cause of mortality in patients with RA. [4]. Only lim-
ited data are available on the risk of fibrosis in patients
with RA on long-term methotrexate (MTX) treatment;
despite the association of MTX with a range of liver-
related adverse events, there are also controversial results
in patients with RA [5]. However, in patients with early-
onset juvenile idiopathic arthritis (JIA), the duration
of the disease and the use of methotrexate can exceed
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10 years before these patients reach the age of 18. Thus,
there is a need to investigate fibrosis formation predic-
tors in children with JIA to reduce future fibrosis. Fibro-
blasts are highly dynamic cells that play a central role in
tissue repair, wound healing and fibrosis, complex pro-
cesses involving biochemical and physiological phenom-
ena such as inflammation, proliferation, and remodeling.
However, the mechanisms by which they contribute to
both physiological and pathological states of extracel-
lular matrix deposition and remodeling are just starting
to be understood [6]. Researchers have found that basic
fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF) are important in different dynamic
stages and can improve cell migration, proliferation, dif-
ferentiation, and angiogenesis [7].

Knowledge about the role of bFGF in pathological and
physiological conditions has expanded significantly over
the past decades but is still not well understood. bFGF
has been shown to be expressed in fibroblasts and adi-
pocytes, to have a close connection with the formation
of fibrosis and the inflammatory reaction during angio-
genesis, to interact with monocytes/macrophages, and
to increase and decrease the concentration of human
interleukin-1B. In addition, administration of recom-
binant bFGF reduces inflammation and fibrotic lung
changes in patients with asthma [8]. bFGF also par-
ticipates in the activation of stellate cells of the liver,
fibrogenesis, angiogenesis, and the development of hepa-
tocellular carcinoma [9]. Thus, our purpose was to study
early markers of fibrosis formation in children with juve-
nile idiopathic arthritis.

Methods

Seventy patients with JIA were included in this 4-year
prospective study. The International League of Associa-
tions for Rheumatology classification of JIA was used. All
children with JIA were divided into groups according to
sex, patient age and age at JIA onset, corresponding to
the main stages of puberty development. Additionally,
all patients were distributed into groups by the variant of
arthritis. The active inflammatory process duration, pro-
vided that therapy was effective, was considered to be up
to one year. Within three years with successful treatment,
stable drug-free remission can be achieved. Therefore, all
patients were divided into three groups: those with a JIA
duration of less than one year, those with a JIA duration
from one to three years and those with a JIA duration
greater than three years. Disease activity and the Juve-
nile Arthritis Disease Activity Score (JADAS), namely,
JADAS-27, and treatment with methotrexate and its regi-
men (mg/m? of body surface) were also used for group
formation. The exclusion criteria were children who had
a systemic variant of the disease or enthesitis-associated
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arthritis, concomitant endocrine diseases (diabetes, auto-
immune thyroiditis, obesity) and gastrointestinal dis-
eases. None of the examined patients had viral hepatitis,
tuberculosis or other persistent chronic infections.

Rheumatoid factor (RF), antinuclear antibodies (ANA),
erythrocyte sedimentation rate (ESR), C-reactive pro-
tein (C-RP), circulating immune complex (CIC) and
antistreptolysin-O (ASL-O) were analyzed in this study
using standard methods. Levels of basic fibroblast growth
factor (bFGF) and vascular endothelial growth fac-
tor (VEGF) were evaluated in blood serum with human
ELISA kits (Elabscience, USA). According to the study
design and the conclusion of the local bioethical commit-
tee, biopsies were not collected.

Statistical processing of the obtained research results
was carried out using a package of application programs
("Excel for Windows", "Statistica 7.0 for Windows").
Before statistical processing, all data were checked for
normality of distribution. The obtained results are pre-
sented in the form of mean values (M), standard errors
and quartiles. To determine the probability of differences
in indicators, parametric (Student’s t test, Fisher’s angular
transformation) and nonparametric criteria (Wilcoxon-
Mann—-Whitney U test, dispersion index of Kruskal-Wal-
lis in case of comparison of more than two points) were
used. One-way ANOVA was used to statistically compare
the values of the studied groups. Next, the least signifi-
cant difference test was used. Differences were consid-
ered probable at a p value of <0.05. A study in a group of
healthy children was not conducted; the obtained results
were assessed focusing on disease manifestation. Corre-
lation and regression were used to assess the relationship
between a series of indicators.

Construction of logistic regression models was carried
out by the method of step-by-step exclusion of prognos-
tic factors with the determination of the minimum set
of predictors based on the estimation of the value of the
coefficient of determination R? which shows the share of
influence of all predictors of the model on the dependent
variable. The critical level of significance for testing sta-
tistical hypotheses when comparing groups and for logis-
tic analysis was set at a p value of <0.05.

Results

Among 70 patients with a mean age of 13.3 years, 64%
were female and 36% were male. Fifty-four percent
of the patient population was within the age range of
10-13 years old, and 46% were 14—18 years old. Approxi-
mately 13% of patients had onset of JIA symptoms during
the first three years of life, 17% were symptomatic dur-
ing 3-5 years of age, 29% during 6-10 years of age, 31%
during 11-14 years of age, and 10% during 15-18 years
of age. Most of the patient population had polyarthritis
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(64%), and the remainder had persistent oligoarthritis
(36%). Approximately 16% of patients had a JIA duration
of less than a year, 37% had a duration of 1-3 years, and
the majority of them (47%) had a duration of more than
3 years.

According to the JADAS-27, children in the inactive
stage made up 4% of the cohort, and the percentage of
children with low activity was 63%, with that of aver-
age activity being 27% and high activity being 6%. The
majority (74%) of patients were treated with methotrex-
ate; however, 26% of patients were prescribed MTX but
had not yet received it. Among patients treated with
MTX, 8% had a dosage of less than 10 mg/m?/week, 38%
had a dosage of 10-12.5 mg/m?*/week, 37% had a dosage
of 12.6-15 mg/m?*/week, and 17% had a dosage of over
15 mg/m?*/week. Additionally, folic acid was adminis-
tered in combination with MTX treatment at a dosage
ranging from 0 to 15 mg/week; the average dosage was
5.52+0.49 mg/week.

We evaluated VEGF (min: 23.68 pg/ml; Me: 244.04 pg/
ml; max: 2158.91 pg/ml) and bFGF (min: 4171.56 pg/ml;
Me: 6809.27 pg/ml; max: 18,011.25 pg/ml) blood serum
levels in children with JIA.

The highest mean VEGF level in children with JIA was
related to high disease activity according to the JADAS-
27 pattern and was significantly higher than that in
children with inactive disease activity (p=0.027), low
disease activity (p=0.0001), and moderate disease activ-
ity (p=0.001). Additionally, a significantly higher mean
VEGF level was observed in patients with JIA onset
at older than 15 years than in children with JIA onset
at 3 to 5 years of age (»p=0.010), at 6 to 10 years of age
(p=0.022), and at 11 to 14 years of age (»p=0.034). Sig-
nificantly higher mean VEGF levels were observed in
patients with JIA durations from 1 to 3 years than in
patients with JIA durations of less than 1 year (p=0.036)
and JIA durations of greater than 3 years (p=0.049)
(Table 1).

The average level of bFGF significantly increased in
children with an age of JIA onset from 15 to 18 years ver-
sus an age of JIA onset up to 3 years (p=0.003), 3-5 years
(p=0.025), and 11-14 years (p=0.001) and in children
with an age of JIA onset from 6 to 10 years versus an age
of JIA onset from 11-14 years (p=0.041). Higher bFGF
levels were also found in patients with moderate disease
activity according to the JADAS-27 pattern versus those
with low disease activity (»=0.0004) (Table 2).

Levels of circulating immune complex (CIC) and
antistreptolysin-0 (ASL-O) were associated with VEGF
levels. Mostly VEGF correlated with CIC (among: girls
r=0.53, patients with oligoarthritis »r=0.55, inactive dis-
ease activity according to JADAS-27 r=0.47, dosage of
MTX, 10-12.5 mg/m?*/week r=0.67 p < 0.05) and with
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ASL-O (among: girls r=0.47, inactive disease activity
according to JADAS-27 r=0.51, MTX treatment r=0.36,
dosage of MTX, 10-12,5 mg/m?*/week r=0.90 p < 0.05).

Activity according to the JADAS-27 pattern and the
levels of ESR, CIC and ASL-O were associated with bFGF
levels. Mostly bFGF was correlated with ASL-O (among
boys r=0.45, patients with oligoarthritis »=0.49, moder-
ate disease activity according to JADAS-27 r=0.58, MTX
treatment r=0.38, dosage of MTX, 12.5-15 mg/mz/week
r=0.50 p < 0.05), CIC (among patients with polyarthri-
tis »=0.37, low disease activity according to JADAS-
27 r=0.34, dosage of MTX, less than 10 mg/m?*/week
r=0.96 p < 0.05), and ESR (among girls r=0.37, patients
with polyarthritis r=0.38, p < 0.05).

In the general group of patients, logistic regression was
performed to determine the factors that affect bFGF and
VEGF levels and have a negative prognostic value.

VEGF = 245.1758 + 111.614 (JADAS 27)
+ 108.0411 (ANA) — 16.3435(RF)
— 0.0233 (MTX dose)

p=0.040677

bEGF = 4611.25 + 846.64 (JADAS 27)
+ 131.35(ESR) — 1058.32 (ANA)
+ 4.3 (ASL — 0)

p=0.000333

Discussion
It is clear that the persistence of inflammation in rheu-
matoid joints is a consequence of an imbalance between
angiogenic mediators such as cytokines and growth fac-
tors. While various studies, including in vitro studies and
tumor models, have focused on the relationship between
VEGF and bFGF [10-12], no study has directly focused
on the role of growth factors in JIA patients.
Meta-regression analysis of VEGF in RA patients
adjusted for age and female sex demonstrated that nei-
ther age (»p=0.409) nor sex (p=0.757) had a significant
effect [10]. In our study of VEGF levels in patients with
JIA, we also did not find any significant differences in age
(p=0.270) or sex (p=0.425). According to a meta-analysis
of RA, there was a positive, weak correlation between cir-
culating VEGF levels and disease activity (DAS-28; ES 0.33,
95% CI 0.22-0.44, P<0.0001, pooled r=0.32), ESR (ES
0.35, 95% CI 0.18-0.51, P<0.0001; summary r=0.34), and
CRP (CRP; ES 0.38, 95% CI 0.24—0.52, P<0.0001; summary
r=0.36) [13]. According to our data, VEGF levels corre-
lated with CIC and ASL-O, but we also observed that the
highest mean VEGF level in children with JIA was related
to high disease activity according to the JADAS-27 pattern.
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Table 1 Average levels of VEGF, pg/ml
Indicator n means SD SE min max Q25 ME Q75
Sex Boys 25 29643 19812 3962 24.56 101490 21591 270.77 360.13
girls 45 368.06 41959 6255 23.68 215891 12870 223.65 385.59
Age 10-13y 38 38587 45363 7359 67.75 215891 12870  216.27 360.13
14-18y 32 29094 17963  31.76 23.68 824.90 201.85  260.93 366.30
Age of JIA onset <3y 9 34157 300.01 100.00  55.84 104260 17723 21873 440.39
3-5y 1222711 21374 6170 23.68 824.90 111.80 17020 277.80
6-10y 20 304.64 22928 5127 24.56 101490  129.11 286.25 370.16
11-14y 22 337.83 43062 9181 45.90 215891 18497 23455 293.98
15-18y 7 664.11 53889  203.68 10152 142260 31648 53453 1422.60
Variant oligo 25 33197 40748 8150 24.56 215891 12870 29398 360.13
poly 45 34831 32966  49.14 2368 142260 16949  244.04 380.19
Duration <ly M 203.92 13537 4082 73.71 495.95 8232 21591 293.98
1-3y 26 469.97 48299 9472 45.90 215891 22365  309.10 53453
>3y 33 288.21 25153 43785 23,680 104260 12870 21943 34238
Disease activity according to JADAS-27  inactive disease 3 418.60 17344 10013 301.72 617.88 301.72  336.21 617.88
low 44 276.22 33833 51.01 23.68 215891 115.11 193.06 306.99
moderate 19  349.67 23599 54.14 24.56 101490 22365 27218 534.53
high 4 979.94 56250 28125 24967 142260 53729 112375 142260
MTX treatment not present 18 400.71 393.11 92.66 82.32 1422.60 22365 29398 360.13
present 52 32231 34475 4781 2368 215891 14734 22225 366.30
Dosage of MTX, mg/mz/week <10 4 319.32 166.06  83.03 101.52 49595 200.57  339.90 438.07
10-12,5 20 40246 46419 10379  23.68 215891 20888  260.93 369.00
12,6-15 19 301.33 284.31 65.23 24.56 104260  92.25 21591 440.39
>15 9 189.83 12990 4330 55.84 509.85 12870 16949 184.97
All children with JIA 70 34247 35653 4261 23.68 215891 165.98  244.04 360.13

Significant difference was obtained only in the following groups:

Age of JIA onset

(3-5y.15-18y.p=0.010; 6-10y. 15-18y. p=0.022; 11-14y. 15-18 y. p=0.034)
Duration

(<1y.1-3y.p=0.036; 1-3y.>3y. p=0.049)

Disease activity according to JADAS-27

(inactive disease high p=0.027; low high p=0.001; moderate high p=0.001)

bFGF is the most studied factor in oncological dis-
eases. The results of a meta-analysis revealed that acute
myeloid leukemia patients probably have higher circulat-
ing levels of bFGF (SMD =1.15, 95% CI: 0.35-1.94) [14]
and that bFGF overexpression has an adverse impact on
the survival of patients with lung cancer (HR=1.202, 95%
CI, 1.022-1.382) [15]. The significance of high bFGF lev-
els in inflammatory arthropathies has been insufficiently
investigated.

According to our data, the highest mean bFGF level in
children with JIA was related to a JIA onset of later than
15 years old and moderate disease activity according to
the JADAS-27 pattern. Additionally, in patients with JIA
onset at older than 15 years, a significantly higher mean
VEGF level was observed. Our data also indicated that
both bFGF and VEGF correlated with CIC and ASL-O

and that only bFGF had significant correlations with the
ESR.

Our studies confirmed the interrelation of VEGF and
bFGF levels with indicators of disease activity. Accord-
ing to the logistic regression results, the most significant
among them were JADAS 27, ANA and RF. Additionally,
an insufficient dose of methotrexate may be a factor con-
tributing to an increase in VEGF.

Thus, the levels of VEGF and bFGF can be consid-
ered informative indicators of a poor outcome due to a
chronic inflammatory process.

Conclusions

Vascular endothelial growth factor was more often
increased in those with a JIA onset of older than
15 years and with high disease activity. Fibroblast growth
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Table 2 Average levels of bFGF, pg/ml
Indicator n means SD SE min max Q25 ME Q75
Sex Boys 25 7551.88 306234 61247 480833 18011.25 498839 730022 8331.84
girls 45 743728 264330 39404 417156 17,119.83 5649.78 678745 8556.67
Age 10-13y 38 696845 191440 31056 417156 14361.1  5559.70 6639.79 763224
14-18y 32 8083.54 348040 61525 422558 18,011.25 5530.27 773035 8662.84
Age of JIA onset <3y 9 6217.65 773.18 25773 492441 747125 576366 6109.17 678745
3-5y 12 7475.90 168640 48682 417156 1050588 652854 727615 8721.77
6-10y 20 8148.82 3213.02 71845 480833 18,011.25 633587 7393.79 8840.89
11-14y 22 6488.29  1606.85 34258 422558 9205.14 498839 559491 8016.54
15-18y 7 10,297.98 492890 186295 5559.70 17,119.83 5559.70 8331.84 17,119.83
Variant oligo 25 755263 276549 55309 480833 18011.25 553027 745378 8697.72
poly 45 7436.86 2816.12 41980 417156 17,119.83 5559.70 678745 8310.03
Duration <ly 11 7300.57 281821 84972 498839 14361.11 498839 656366 9125.10
1-3y 26 781212 319607 62680 480833 17,119.83 5559.70 7483.02 8579.85
>3y 33 727433 245776 42784 417156 1801125 595960 678745 8310.03
Disease activity according to JADAS-27  inactive disease 3 6743.29 111243 64226 595960 801654  5959.60 6253.74 8016.54
low 44 6727.11 197952 29842 417156 143611 5420.24 6379.58 7551.74
moderate 19 9364.85 376404  863.53 553027 18,011.25 7524.14 8331.84 874582
high 4 7329.86 204581 102290 5559.70 9205.14  5559.70 727730 9100.02
MTX treatment not present 18 7386.12 3806.80  897.27 480833 17,119.83 498839 5559.70 8331.84
present 52 751008 2368693 32848 417156 18011.25 598224 731701 844426
Dosage of MTX, mg/m 2/week <10 4 761033 1889.73 94487  5453.17 10,063.10 645348 746252 8767.18
10-12,5 20 7875.05 229138 51237 498839 14,361.11 574494 776470 8651.25
12,6-15 19 7677.30 2869.74 65836 422559 18,011.25 6253.74 730022 874583
>15 9 630149 117563 39188 417156 8697.72 6004.87 6180.64 6536.69
All children with JIA 70 7478.205 277857 33210 417156 18011.25 5559.70 6809.27 8331.84

Significant difference was obtained only in the following groups:

Age of JIA onset

(<3y.15-18y.p=0.003; 3-5y. 15-18y. p=0.025; 6-10 y. 11-14y. p=0.041; 11-14y.

Disease activity according to JADAS-27
(low moderate p=0.0004)

factor was more often high in boys, in children older than
14 years and in those with a JIA onset after 15 years of
age, those with the oligoarticular variant, those with a
medium disease activity and regardless of MTX adminis-
tration but more often when MTX was administered at a
dosage from 10 to 12.5 mg/m?/week. The bFGF level was
highest in children older than 15 years against a back-
ground of an average degree of disease activity. Labora-
tory screening could help identify patients who may be at
greater risk of adverse outcomes.
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