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Purpose: Rheumatoid arthritis (RA) is an inflammatory rheumatic disease, which has been demonstrated to correlate with mutated
genetics. Growth and differentiation factor 15 (GDF-15) is a member of the transforming growth factor-p superfamily and is expressed
in different organs, tissues and immune cells. To date, limited studies have evaluated plasma levels of GDF-15 in RA patients, and
whether GDF-15 gene polymorphisms correlate with RA risk in the Chinese Han population has not been clarified.

Patients and Methods: This case-control study recruited 910 age- and sex-matched RA patients and healthy controls. Plasma levels
of GDF-15 were examined by enzyme linked immunosorbent assay, and polymorphisms (rs1055150, rs1058587, rs3787023, and
rs4808793) were genotyped by KASP method.

Results: RA patients had higher levels of GDF-15 as compared to that in healthy controls. Patients with positive CRP also showed
higher levels of GDF-15 when compared to that in patients with negative CRP. Levels of GDF-15 correlated with disease activity
score. Frequencies of GG, GC, GG+GC genotypes and G allele in GDF-15 gene rs1058587 were significantly elevated in RA patients
compared to controls. Frequencies of CC genotype and C allele in GDF-15 gene rs3787023 were higher in RA patients compared to
controls. Other polymorphisms did not correlate with RA susceptibility. Moreover, the four polymorphisms were not correlated with
levels of GDF-15.

Conclusion: Plasma levels of GDF-15 were elevated in RA patients and GDF-15 gene polymorphisms were related to RA risk in the
Chinese Han population.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease.' This disease is characterized by large
autoantibodies production, paired with tender and swollen joints. To date, the clear pathogenesis of RA has not been
clarified. However, inflammatory cytokines genetics have been widely discussed and are accepted to play significant
roles in the development of this complex disorder.”

Growth and differentiation factor 15 (GDF-15) belongs to the transforming growth factor-f (TGF-B) superfamily and
was first identified in 1997.% This superfamily has more than 30 members. GDF-15 circulates as a ~25 kDa homodimer
comprising two 112 amino acid polypeptide chains.* Human GDF-15 gene locates at chromosome 19p12.1-13.1. GDF-
15 expresses at different organs or tissues, such as the placenta, kidney, or lung, and different immune cells express GDF-
15, such as the macrophage or T-cell.” Several studies have discussed GDF-15 gene polymorphisms with human
diseases.®® For example, carriers of the GC genotype in rs1058587 polymorphism had a lower risk of sporadic prostate
cancer and of familial prostate cancer than the CC genotype carriers.® There was a strong association between serum
levels of GDF-15 and neoplastic progression, and determination of GDF-15 gene rs1058587 genotypes may have clinical
usage in management of colorectal carcinoma patients.” Recently, studies have shown that serum levels of GDF-15 were

higher in RA patients, correlating with disease activity. However, whether plasma levels of GDF-15 were abnormal in
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RA patients needs to be clarified. In addition, whether GDF-15 gene polymorphisms were related to RA risk in the
Chinese Han population needs to be discussed.

Methods

Patients
This study recruited 455 RA patients and 455 healthy controls from the department of Rheumatology and Immunology,
department of Orthopaedics, affiliated hospital of Southwest Medical University. RA patients were diagnosed according
to the American College of Rheumatology and European League Against Rheumatism (ACR/EULAR) classification
criteria.” RA patients were either newly diagnosed without any treatment or had been diagnosed before but had not used
any medication in the last 3 months. Healthy controls were recruited from the Health Management Center in the affiliated
hospital of Southwest Medical University. RA patients are of Chinese Han origin. Among the patients, 112 were male
and 343 were female, while there were 116 male and 339 female healthy controls. Patients and controls were age-
matched as well (for patients, 56.00 (49.00—64.00) years; for controls, 55.00 (48.00—65.00) years). This study was
approved by Ethnic Research Commit of affiliated hospital of Southwest Medical University and followed the 1964
Helsinki declaration and its later amendments. Informed consent was collected from all the patients and healthy controls.
Evaluation of disease activity for RA patients was confirmed by disease activity score 28 (erythrocyte sedimentation
rate) (DAS28 (ESR).'® For RA patients, disease duration, number of tender joints, number of swollen joints, levels of
C-reactive protein (CRP), ESR, rheumatoid factor (RF), antinuclear antibody (ANA), and score of health assessment
questionnaire (HAQ) were obtained from all the RA patients (Table 1). However, some of the RA patients had no
information about IgG, IgA, IgM, or anti-cyclic citrullinated peptide antibodies (anti-CCP) (data not shown). In RA
patients, a disease duration of more than 18 months was considered as long disease and a disease duration of less than 18
months was recognized as early disease.'' ESR was evaluated according to the distance from which the red blood cells
sink at the end of the first hour (h). Plasma levels of CRP, RF were evaluated by scatter turbidimetry (Siemens Healthcare
Diagnostics Products, GmbH, Germany). Levels of CRP larger than 8 mg/L were recognized as a positive result. ANA
was detected by line blot techniques (Euroimmun, Lubeck, Germany).

Detection of Plasma Levels of GDF-15

About 5 mL of peripheral blood was obtained from each patient and healthy control. After centrifugation, plasma and
peripheral blood mononuclear cells (PBMC) were collected separately, and stored at —80°C until usage. When examining
plasma levels of GDF-15, the enzyme linked immunosorbent assay (ELISA) kits were purchased from CUSABIO,
Newark, DE. The protocol to examine the levels of GDF-15 was described in brief. First, 100 uL. working standards or
samples were approximately added into the 96-well assay plate, incubating for 2 h at 37°C. Second, removing the liquid,

Table 1 Characteristics of Patients with Rheumatoid Arthritis and Healthy Controls

Disease duration (years)
Tender joints (n)

Swollen joints (n)

HAQ

0.50 (0.00-6.50)
10.50 (4.00-18.00)
6.00 (2.00-12.00)

17.00 (8.00-12.00)

Characteristics RA Patients Healthy Controls P-value
Age (years) 56.00 (49.00-64.00) 55.00 (48.00-65.00) 0.349
Sex (male/female) 112/343 116/339 0.760

CRP (mg/L) 20.6 (5.20-49.55) - -
RF (IU/mL) 117.65 (35.70-343.85) - -
ESR (mm/H) 60.50 (31.75-96.00) - -
ANA (+) (n, %) 225 (49.43) - -
DAS28 (ESR) 6.12 (5.26-7.16) - -

Abbreviations: RA, rheumatoid arthritis; CRP, C-reactive protein; RF, rheumatoid factor; ESR, erythrocyte sedimentation rates; ANA,
antinuclear antibody; DAS28, disease activity score 28; HAQ, Health assessment questionnaire.
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100 pL biotin-antibody was added before incubating for 1 h at 37°C. Third, liquid was removed and the well was
washed, followed with the addition of 100 pL horseradish Peroxidase-avidin for 1 h at 37°C. Fourth, removing the liquid,
adding 90 pL 3,3°,5,5’-Tetramethylbenzidine to the well was performed, which was then incubated at 37°C for 0.5
h. Finally, 50 puL stop solution was added, and the plate was read at 450 nm by a microplate reader. The minimum
detecting level of GDF-15 was 1.95 pg/mL. Intra-assay and inter-assay reliability of GDF-15 assay were 5.5% and 6.5%,
respectively. Individual samples were examined in duplicate.

Single Nucleotide Polymorphism Genotyping

DNA was extracted from PBMC isolated from each participant according to manufacturer’s instruction (TIANGEN,
Beijing, China). The concentration and purity of each DNA sample was examined, and qualified DNA was used for
genotyping. We selected four single nucleotide polymorphisms (SNPs) in the GDF-15 gene with several conditions,
including pairwise tagging of HapMap population with r>>0.8, a minor allele frequency >5%, Chinese Han Beijing
ethnicity. At last, polymorphisms including rs1055150, rs1058587, rs3787023 and rs4808793 were selected. The KASP
method was conducted for genotyping (Gene Company, Shanghai, China),'* and the primer information for the four
polymorphisms is listed in Supplementary Table 1.

Data Statistics

All the data were analyzed by SPSS software. Quantitative data were described as median (interquartile range) if the data
were not normally distributed. Qualitative data were described as frequency or proportion. Two groups of data were
compared by Wilcoxon rank-sum test, and correlation analysis was conducted by Spearman correlation test. Logistic
regression was used for discussing the relationship of polymorphisms and RA risk, including odds ratio (OR) and 95%
confidence interval (CI). The receiver operating characteristic (ROC) curve discussed the potential of plasma GDF-15 as
the marker for RA. A P-value less than 0.05 was significant.

Results

Increased Plasma Levels of GDF-15 in RA Patients

There were elevated plasma levels of GDF-15 in RA patients as compared to that in healthy controls (P<0.001, Figure 1).
We also analyzed plasma levels of GDF-15 according to clinical and laboratory characteristics. Results showed that RA
patients with positive CRP had higher plasma levels of GDF-15 as compared to that in patients with negative CRP
(P<0.001). However, RA patients with early disease did not show a significant difference of plasma levels of GDF-15 as
compared to that in patients with long disease (P=0.829). Similarly, RA patients with positive ANA had comparable
plasma levels of GDF-15 as compared to that in patients with negative ANA (P=0.057). Correlation analysis revealed
that plasma levels of GDF-15 were significantly related to DAS28 (ESR) (1;=0.426, P<0.001) and were not related to RF
levels (r,=0.020, P=0.875). ROC analysis showed that the AUC was 0.692 when plasma levels of GDF-15 in RA patients

were compared to that in controls (Figure 1).

Relationship between GDF-15 Gene Polymorphisms and RA Risk

This study evaluated GDF-15 gene polymorphisms (rs1055150, rs1058587, rs3787023, and rs4808793) and RA risk.
Results found that frequencies of GG, GC, GG+GC genotypes, and G allele of rs1055150 were significantly higher in RA
patients as compared to those in healthy controls (GG versus CC, OR=1.619, 95% CI=1.020-2.568, P=0.041; GC versus
CC, OR=1.458, 95% CI=1.057-2.010, P=0.022; GG+GC versus CC, OR=1.495, 95% CI=1.104-2.022, P=0.009;
G versus C, OR=1.330, 95% CI=1.069-1.654, P=0.011, Table 2). Similarly, frequencies of CC genotype, C allele in
rs3787023 were significantly higher in RA patients as compared to those in controls (CC versus TT, OR=1.838, 95%
CI=1.022-3.305, P=0.042; C versus T, OR=1.310, 95% CI=1.040-1.651, P=0.022, Table 2). Gene polymorphisms
(rs1058587 and rs4808793) were not related to RA risk, neither discussing frequencies of the genotypes nor alleles
(Table 2).
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Figure | Plasma levels of GDF-15 in RA patients. Plasma levels of GDF-15 were tested by enzyme linked immunosorbent assay in 80 RA patients and 80 healthy controls.
Differences of plasma levels of GDF-15 were compared between patients and controls. The association of plasma levels of GDF-15 in RA patients with positive, negative
CRP, or with early disease, long disease was discussed. Correlation analysis of plasma levels of GDF-15 with disease activity score was conducted by Spearman’s test.
A receiver operating characteristic curve evaluated the potential of plasma GDF-15 as the disease marker. Comparison between two groups of data was analyzed by
Wilcoxon rank-sum test.

To reveal the association of GDF-15 gene polymorphisms with RA susceptibility, we further discussed the relation-
ship between GDF-15 gene polymorphisms with RA clinical, laboratory characteristics. Results showed that the number
of tender joints was comparable between RA patients carrying GG+GC genotype as compared to that in RA patients
carrying CC genotype for rs1055150 (P=0.503, Supplementary Table 2). Similarly, the other characteristics, including
number of swollen joints, levels of ESR, CRP, RF, and HAQ score, were not significantly related to rs1055150.
Furthermore, polymorphisms including rs1058587, rs3787023, and rs4808793 were not significantly related to RA

clinical, laboratory characteristics (Supplementary Table 2).

Effect of GDF-15 Gene Polymorphisms on Plasma Levels of GDF-15

We evaluated the potential effect of GDF-15 gene polymorphisms on plasma levels of GDF-15. According to poly-
morphism rs1055150, RA patients carrying the GG genotype, GC genotype, and CC genotype had comparable plasma
levels of GDF-15 (P=0.519, Figure 2). Similarly, for rs1058587, RA patients carrying the GG genotype, GC genotype,
and CC genotype had comparable plasma levels of GDF-15 as well. Moreover, for rs3787023 and rs4808793, there was
no significant difference among the genotypes regarding plasma levels of GDF-15 (P=0.561, P=0.909, Figure 2).

Discussion

This study aims to evaluate plasma levels of GDF-15 in RA patients and discuss the relationship of GDF-15 gene
polymorphisms with RA susceptibility in a Chinese Han population. A case-control study with 455 RA patients and 455
healthy controls was conducted, along with sex- and age-matching. We found that RA patients had much higher plasma
levels of GDF-15 as compared to that in healthy controls. Patient with positive CRP also showed higher expression of
plasma levels of GDF-15 when compared with that in patients with negative CRP. Interestingly, plasma levels of GDF-15
was positively related to DAS28 (ESR), and the AUC was 0.692. These findings suggested that GDF-15 may correlate
with RA pathogenesis. Our findings are similar to several studies discussing serum levels of GDF-15 in RA patients.'* '
A study evaluated serum GDF-15 in Iran RA patients, showing that serum GDF-15 may be a biomarker to predict high
disease activity.'> Another study discussed serum GDF-15 in Turkish RA patients, reporting that serum GDF-15 was
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Table 2 Frequencies of Alleles and Genotypes for Four Single-Nucleotide Polymorphisms in GDF-15
Gene in Rheumatoid Arthritis Patients and Healthy Controls

Polymorphism Rheumatoid Arthritis Healthy Controls OR (95% CI) P-value
(0, %) (n, %)

rs1055150

GG 56 (12.31) 72 (15.82) 1.619 (1.020-2.568) 0.041

GC 189 (41.54) 217 (47.69) 1.458 (1.057-2.010) 0.022

GG+GC 245 (53.85) 289 (63.51) 1.495 (1.104-2.022) 0.009

CcC 210 (46.15) 166 (36.49) -

G 300 (32.97) 360 (39.56) 1.330 (1.069—1.654) 0.011

C 610 (67.03) 550 (60.44) -

rs1058587

GG 231 (50.77) 221 (48.57) 0.605 (0.328-1.115) 0.107

GC 199 (43.74) 195 (42.86) 0.621 (0.335-1.151) 0.130

GG+GC 430 (94.51) 416 (91.43) 0.612 (0.338-1.110) 0.106

CcC 25 (5.49) 39 (8.57) -

G 662 (72.75) 637 (70.00) 0.876 (0.694-1.104) 0.261

C 248 (27.25) 273 (30.00) -

rs3787023

CcC 207 (45.49) 242 (53.19) 1.838 (1.022-3.305) 0.042

CcT 205 (45.05) 186 (40.88) 1.422 (0.787-2.571) 0.244

CC+CT 412 (90.55) 428 (94.07) 1.631 (0.924-2.879) 0.092

TT 43 (9.45) 27 (5.93) -

C 619 (68.02) 670 (73.63) 1.310 (1.040-1.651) 0.022

T 291 (31.98) 240 (26.37) -

rs4808793

GG 42 (9.23) 49 (10.77) 1.124 (0.669—1.886) 0.660

GC 208 (45.71) 189 (41.54) 0.857 (0.627-1.172) 0.235

GG+GC 250 (54.95) 238 (52.31) 0.902 (0.670-1.214) 0.495

CcC 205 (45.05) 217 (47.69) -

G 291 (31.98) 287 (31.54) 0.980 (0.783-1.228) 0.863

C 619 (68.02) 623 (68.46) -

Abbreviations: OR, odd ratio; 95% Cl, 95% confidence interval.

elevated in RA patients when compared to that in controls.'' RA patients with active disease activity had higher serum
levels of GDF-15 compared to that in patients with less active disease activity, and serum levels of GDF-15 were
positively related to ESR levels and DAS28 score.'* All the findings indicated that GDF-15 may relate to RA
pathogenesis, such as damage of different joints. Since these findings showed a significant association of GDF-15 and
RA, what is the mechanism that GDF-15 contributes to RA development? This needs to be discussed in the future with
functional studies, for instance, usage of arthritis mice models to discuss effects of GDF-15 in onset or development of
the disease. In a study which discussed the association of GDF-15 with rheumatic diseases using published genetic data
with a Mendelian randomization (MR) design, Ye et al® found that there was no evidence of a causal association between
circulating GDF-15 levels and risk of RA. Discrepancy between the positive findings from our study, previous studies
and the largely negative data from Ye et al may correlate with several reasons. First, Ye et al used published data for
further study with Mendelian randomization (MR) design, while the Mendelian randomization (MR) design is a method
to discuss the association of circulating levels of GDF-15 with RA in the study. Indeed, the other studies examined levels
of GDF-15 in RA patients by laboratory test. The original results may be more reliable. Second, if the author wants to
discuss an association of GDF-15 levels with RA risk, a meta-analysis may be conducted, which may be more persuasive
than a single-center study such as our study. However, all the published data show that circulating levels of GDF-15 were
increased in RA patients, as discussed above; therefore, a meta-analysis is not necessary. Nevertheless, the direct method
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Figure 2 Association of GDF-15 gene polymorphisms with plasma levels of GDF-15. Eighty RA patients examined plasma levels of GDF-15, and the patients tested GDF-15
gene polymorphisms (rs1055150, rs1058587, rs3787023 and rs4808793) as well. The potential effect of polymorphisms on plasma levels of GDF-15 was evaluated by
comparing plasma levels of GDF-15 among three different genotypes, including GG, GC, and CC genotypes for rs1055150, rs1058587, and rs4808793 and CC, CT,and TT
genotypes for rs3787023. Three groups of data were discussed according to Kruskal-Wallis test.

to discuss whether GDF-15 contributes RA pathogenesis is to use an arthritis model by which the GDF-15 gene is
deficient or overexpressed in the future.

There are several studies having evaluated the relationship of GDF-15 gene polymorphisms with human diseases.'* '

1'* recruited 298 stroke patients and 303 healthy controls ofChinese origin to evaluate the association of

Xiang et a
polymorphisms rs3787023, rs1055150, and rs1804826 with stroke risk by snapshot SNP genotyping assays and sequen-
cing. They found that TT, GT, and TT+GT genotypes in rs1804826 were significantly related to stroke risk, and the
rs1804826 T allele was significantly related to elevated risk of stroke as well. By contrast, neither genotypes nor alleles of
153787023 or rs1055150 were correlated with stroke risk.'> Another study conducted on 448 Chinese coronary artery
disease patients found that frequencies of GG, GC, and CC genotype in rs4808793 were not different between patients
and controls using a ligase detection reaction method.'® For patients with colorectal cancer, the frequency of GG+GC
genotype in rs1058587 polymorphism was elevated in 349 colorectal cancer patients of Chinese origin when compared to
that in controls by pyro-sequencing method to genotype rs1058587.'” Colorectal cancer patients with GG+GC genotype
in rs1058587 showed elevated risk of death from colon cancer than the patients carrying homozygote CC genotype.'’
The study discussed prostate cancer in 819 Australia patients with sequencing method to genotype rs1058587,'® showing
that neither genotypes nor allele were related to prostate cancer risk. However, there was an elevated risk of death from
prostate cancer in patients carrying the G allele than patients carrying the C allele.'® When discussing the association of
GDF-15 gene polymorphisms with RA risk, a study recruited 723 Swedish RA patients with sequencing method to
genotype rs1058587." The authors reported that the distribution of genotypes GG and GC of rs1058587 differed
significantly between RA patients and controls.'” Moreover, Amaya-Amaya et al*® evaluated rs1058587 polymorphism
with RA risk in 310 Latin Americans by TagMan allelic discrimination assay. They found that significant differences
concerning rs1058587 polymorphism were not obtained between RA patients and controls.”® Our findings were partly
similar to the above findings. For example, regarding rs4808793, our results also showed no significant differences
between RA patients and controls. With respect to rs3787302, we found significant results when comparing frequencies
of CC genotype, C allele between RA patients and controls. For rs1058587, our findingss were similar to the findings in
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Latin American RA patients, but not the same as findings in Swedish RA patients. Considering the reasons, the
differences may correlate with several clues. First, different diseases have different pathogenesis. Therefore, when
discussing the same polymorphism, the results may be different, such as findings for rs3787023 in stroke, RA.
Second, development of different diseases may correlate with different ethnicity. For instance, the study discussed
rs1058587 in Latin American RA patients, showing with no significant results, whereas the study assessed rs1058587 in
Swedish RA patients, revealing with significant results. Third, different sample sizes and methods to genotype the
polymorphisms may have different findings as discussed above. Thus, to better understand correlation between GDF-15
gene polymorphisms and RA susceptibility, further studies with larger sample sizes in different ethnicity and the same
method should be conducted. Fourth, different polymorphisms may correlate with different disease, for example,
rs1804826 was related to stroke, where we did not analyze this polymorphism. On the other hand, we found
rs1055150, rs3787023 polymorphisms were related to RA risk, but these polymorphisms were not related to stroke.

It is important to discuss the effect of polymorphism on mRNA expression or protein expression for a gene since
aberrant function of a gene or protein sometimes is regulated by mutated base, which may affect transcription to mRNA
and translation of protein.>! We discussed the association of the four polymorphisms and plasma levels of GDF-15. There
was no significant result neither discussing plasma levels of GDF-15 in GG, GC, or CC genotype for rs1055150, nor for
the other three polymorphisms. However, this study only discussed the relationship of GDF-15 levels and the four
polymorphisms. Whether there are some other polymorphisms that may affect GDF-15 expression needs to be discussed
in the future. Furthermore, a functional study of the four polymorphisms will need to confirm whether these polymorph-
isms can affect expression of GDF-15 in RA patients.

It is interesting to address the possible mechanism of action of GDF-15 in pathogenesis of RA. A similar statement
about the genetic changes in the gene for GDF-15 is useful to show how may it affect RA. A C to G substitution leading
to histidine to aspartic acid change at codon 202 of the precursor GDF-15 protein is called H6D (rs1058587), because the
amino change is at position 6 of the mature GDF-15 protein.”> A study with prostate cancer patients showed that
151058587 G allele was related to reduced risk of developing prostate cancer.® Human prostate cancer DU145 cells
expressing the rs1058587 G allele or C allele were injected into nude mice, showing that prostate cancer DU145 cells
expressing the rs1058587 G allele suppressed prostate tumorigenesis by suppressing IGF-1 and cyclin D1 expression.”
The transcription activity of rs4808793 G-containing construct was increased 1.45-fold at baseline and 1.73-fold after
stimulation with phenylephrine when compared to the rs4808793 C construct, suggesting that rs4808793 G allele
associated with an increase in GDF-15 levels in hypertensive patients.”* A meta-analysis showed that hypertension
increased cardiovascular risk in patients with RA.*> Since the 154808793 G allele was related to high expression of GDF-
15 in hypertensive patients, it is hypothesized that the rs4808793 G allele may contribute to elevated expression of GDF-
15 in RA patients, especially RA patients complicated with hypertension. GDF-15 is required for Th2 cytokines (IL-4,
IL-13) induced glucose intolerance in mice.”® It is known that the Th2 cell and related cytokines are important for RA
pathogenesis and development.?” Thus, GDF-15 may regulate Th2 cells and then affect RA pathogenesis. Moreover,
there was increased expression of CXCR3 in activated T-cells from GDF-15 deficient mice.”® The CXCR3 antagonist has
anti-arthritic effects on collagen-induced arthritis by inhibiting B-cell mediated inflammation, reducing the percentage of
Th1, Th17 and Th22 cells and increasing the proportion of Treg cells.?’° Collectively, GDF-15 may involve RA, which
needs to be confirmed in the future.

Some limitations in this study need to be realized. First, clinical and laboratory characteristics of RA were not enough.
Second, RA is a complex disease, where gene—gene interaction and gene—environment interaction may correlate with
pathogenesis of the disease. These discussions may be considered in the future. Third, larger sample sizes and more
polymorphisms may be conducted to confirm the current findings.

In conclusion, the present study showed that plasma levels of GDF-15 were elevated in RA patients and GDF-15 gene
polymorphisms were related to RA risk in the Chinese Han population.

Abbreviations
RA, rheumatoid arthritis; GDF-15, growth and differentiation factor 15; TGF-p, transforming growth factor-f; ACR/
EULAR, American College of Rheumatology and European League Against Rheumatism; DAS28, disease activity score
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28; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; ANA, antinuclear antibody;

HAQ, health assessment questionnaire.
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