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Abstract

Background: Hepatoma-derived growth factor (HDGF) is reported to play an im-
portant role in tumorigenesis and cancer progression. However, growing evidence
indicates its participation in immune system activation. This study analyzed the re-
lationship among serum HDGF levels, disease activity, and laboratory markers in pa-
tients with rheumatoid arthritis (RA).

Methods: Blood samples from 165 patients with RA, 42 with osteoarthritis (OA),
and 28 healthy controls, were used to evaluate the serum HDGF levels. Correlations
of serum HDGF levels with age, 28-joint count disease activity score (DAS28), and
laboratory findings were assessed by Pearson correlation and receiver operator char-
acteristic (ROC) curve analyses to obtain HDGF optimal cutoffs according to the
disease status. Immunohistochemical staining was performed on the knee synovial
tissue samples from patients with RA and OA (n = 10 each) to investigate HDGF joint
expression.

Results: Serum HDGF levels were significantly correlated with DAS28 erythrocyte
sedimentation rate (r = 0.412, p < 0.001) and C-reactive protein values (r = 0.376,
p < 0.001). The optimal cutoffs of serum HDGF levels from the ROC analysis were
5.79 and 5.14 for the differentiation of active/inactive disease and remission/non-
remission, respectively. The ideal cutoff of serum HDGF levels to differentiate RA and
OA was determined as 5.47. Serial serum HDGF level analyses in 21 patients with RA
revealed that serum HDGF levels significantly decreased after improvement in dis-
ease activity (p = 0.046). HDGF expression was not observed in the synovial tissues
of the patients with RA and OA.

Conclusion: Serum HDGF level could be a potential laboratory biomarker for the se-
verity of RA.
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1 | INTRODUCTION

Hepatoma-derived growth factor (HDGF) is a heparin-binding 26-
kDa glycoprotein, consisting of 240 amino acids, that was first pu-
rified from the supernatant of human hepatocellular carcinoma cell
lines. Early studies have revealed that HDGF functions as an essen-
tial growth factor that enhances cellular proliferation, invasion, and
migration of cancer cells through receptor-mediated signaling path-
Ways.2 These effects were further illustrated by in vitro and in vivo
experiments showing therapeutic effects after the inhibition and de-
letion of HDGF in various cancers.>* HDGF is ubiquitously expressed
in various tissues and is predominantly found in the nucleus.’ The
secretion of HDGF in the peripheral circulation is modulated via sev-
eral non-classical pathways.? Previously, it was demonstrated that
increased HDGF levels in the blood are associated with aggressive
features and have prognostic implications in cancers, suggesting that
it may be a treatment target and promising non-invasive biomark-
er.®8 Emerging evidence indicates that HDGF is an alarmin that is
released following cell injury/death and plays an important role in the
activation of the immune system by binding to its cognate receptor.”
Nevertheless, compared to its prominent role in tumorigenesis and
cancer progression, the precise role of HDGF in the immune system
and immune-related diseases is not well characterized.

Rheumatoid arthritis (RA) is an autoimmune rheumatic disorder
that usually involves the small joints and is typically associated with
the development of chronic synovial tissue inflammation.*® The un-
derlying pathogenesis of RA is characterized by a complex interac-
tion between dysregulated immune responses.'* However, alarmins,
initially considered to merely indicate cellular injury, have been re-
ported to also influence innate and adaptive immunity to perpetuate
the inflammatory cycle in autoimmune inflammatory arthritides.*?
Notably, among various alarmins, there are reports that have identi-
fied a significant correlation between 28-joint count disease activity
score (DAS28) and high mobility group box 1, interleukin (IL)-33, and
$100A8/9,%71% implying that alarmins may be utilized as biomarkers
indicating the severity of disease in patients with RA. In general, per-
sistently high disease activity has a major impact on the progression
of joint destruction in RA,'® and special attention has been paid to
the discovery of putative markers. Accordingly, although the rel-
evance of serum HDGF in RA is worthy of exploration, its clinical
implications have not been reported in the literature. Hence, in this
study, we analyzed the relationship between serum HDGF levels
and indices of disease activity and laboratory markers to evaluate

whether it could be a useful measure of inflammation in RA.

2 | MATERIAL AND METHODS

2.1 | Patients

We performed a pilot study using serum samples obtained from 165
patients with RA between March 2016 and February 2018, who
were subjected to laboratory tests at the Division of Rheumatology,

Severance Hospital. A blood test was performed at the time of pro-
viding routine patient care. The drawn blood was centrifuged imme-
diately and the isolated sera were stored in a =70°C deep freezer for
further analysis. Patients were classified as having RA according to the
2010 American College of Rheumatology/European League Against
Rheumatism classification criteria.}”'8 At the time of blood collection,
the patients did not demonstrate any evidence of concurrent malig-
nancy or infection.

For the comparison of serum HDGF levels, sera obtained from 42
patients with osteoarthritis (OA) and 28 healthy controls (HC) were
used. Furthermore, sera were serially collected from 21 patients
with RA, following a decrease in disease activity. The Severance
Hospital's Institutional Review Board approved this study (4-2017-
0761), and all relevant procedures were performed according to the
ethical standards of the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

2.2 | Clinical and laboratory findings and
determination of serum HDGF and IL-6 level

Clinical and laboratory results were assessed retrospectively on the
date of collection of patient sera. Demographic data including age,
sex, and disease duration, as well as disease characteristics/activity
of—seropositivity (defined according to rheumatoid factor and/or
anti-cyclic citrullinated peptide), interstitial lung disease (ILD), abnor-
mal renal function, DAS28 erythrocyte sedimentation rate (ESR), and
DAS28 C-reactive protein (CRP)* were included. The investigated
medications for the management of RA consisted of glucocorticoids
and disease-modifying anti-rheumatic drugs (DMARDs) according to
the treatment guidelines for RA.2%?! Laboratory findings included
white blood cell (WBC) and platelet counts, ESR, CRP, alkaline phos-
phatase, aspartate aminotransferase, and alanine aminotransferase.
Patients with DAS28 ESR 23.2 were regarded as having an active
disease; the rest were classified as inactive.?? On the other hand,
the cutoffs—DAS28 ESR 22.6 and DAS28 ESR <2.6—were used to
define non-remission and remission states.?

For the analyses of serum HDGF and IL-6 levels in the collected
patient sera, enzyme-linked immunosorbent assay kits for HDGF
(Cloud-Clone Corp, Katy, TX, USA) and IL-6 (R&D Systems) were
used, and all experiments were performed following the manufac-
turer's instructions.

2.3 | Immunohistochemistry of HDGF in synovial
tissues from patients with RA and OA

Tissue samples from patients with RA and OA (n = 10 each) who had
undergone total knee replacement were used for immunohistochem-
istry using a commercially available antibody for HDGF (Abcam).
Immunohistochemical (IHC) staining was performed on formalin-
fixed, paraffin-embedded tissue sections after deparaffinization and
rehydration in accordance with the manufacturer's protocol.
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2.4 | Statistical analysis

Statistical analyses were performed using MedCalc statistical soft-
ware version 20.011 (MedCalc Software), and a two-tailed p-value
of <0.05 was considered significant. All continuous and categori-
cal data are presented as median (interquartile range) and number
(percentage), respectively. Differences in continuous data were
evaluated using the Mann-Whitney U test or Kruskal-Wallis test
as appropriate. The association between serum HDGF levels and
continuous variables was evaluated using Pearson's correlation
analysis. In addition, the optimal cutoff value of serum HDGF for
identifying active disease was determined using the receiver op-

erator characteristic (ROC) curve analysis. Serial changes in serum

TABLE 1 Baseline characteristics of the patients

Values
Demographic data
Age 57.0 (47.0-64.0)
Male sex 34 (20.6)

Disease duration, months 66.0(12.5-159.3)

Disease characteristics/activity

Seropositivity 153 (92.7)
Interstitial lung disease 12(7.3)
Abnormal renal function 12 (7.3)
DAS28 ESR 3.2(2.4-4.6)
DAS28 CRP 2.3(1.4-3.8)
RA treatment
Glucocorticoid 88 (53.3)
Any DMARDs 137 (83.0)
bDMARDs 86 (52.1)
Laboratory findings
WBC count (/mm®) 6820.0
(5262.5-8557.5)
Platelet count (x1000/mm?) 266.0

(225.8-323.8)

ESR (mm/hr) 40.0 (18.0-65.0)
CRP (mg/L) 2.5(0.6-12.7)
Alkaline phosphatase (IU/L) 66.0(53.8-79.0)
AST (IU/L) 19.0 (15.8-25.0)
ALT (IU/L) 16.0 (11.0-24.0)

IL-6 (pg/mL)?
Serum HDGF (ng/mL)

11.1(3.5-27.6)
4.6 (3.7-5.8)

Note: Data are expressed as median (interquartile ranges) and number
(percentages).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; bDMARD, biologics disease-modifying anti-
rheumatic drugs; CRP, C-reactive protein; DAS28, 28-joint count
disease activity score; DMARD, disease-modifying anti-rheumatic
drugs; ESR, erythrocyte sedimentation rate; HDGF, hepatoma-derived
growth factor; IL, interleukin; WBC, white blood cell.

@ Data are available for 158 patients.
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HDGF levels after treatment were assessed using the Wilcoxon

signed-rank test.

3 | RESULTS

3.1 | Patient characteristics

The baseline patient characteristics are shown in Table 1. The
median age of the patients was 57.0 years, 34 (20.6%) were male
participants, and the median disease duration was 66.0 months.
Concerning disease characteristics and activity, seropositivity and
ILD were observed in 153 (92.7%) and 12 (7.3%) patients, respec-
tively. The median DAS28 ESR and DAS28 CRP were 3.2 and 2.3,
respectively. A total of 88 (53.3%) patients were on concomitant
glucocorticoid treatment, and 137 (83.0%) and 86 (52.1%) pa-
tients were prescribed conventional synthetic DMARDs (76.2%)
and biological DMARDs (bDMARDs), respectively. The median
white blood cell count, ESR, CRP, IL-6, and serum HDGF were
6820.0/mm?®, 40.0 mm/h, 2.5 mg/L, 11.1 pg/ml, and 4.6 ng/ml,

respectively.

3.2 | Relationship between serum HDGF with
DAS28 values and laboratory findings

Serum HDGF was significantly correlated with DAS28 ESR
(r = 0.412, 95% confidence interval [CI] 0.277, 0.532, p < 0.001)

TABLE 2 Correlation analysis of serum HDGF with age, DAS28,
and laboratory findings

Serum HDGF

Correlation coefficient

(95% CI)? p-value
Age 0.068 (-0.085, 0.219) 0.384
DAS28 ESR 0.412 (0.277,0.532) <0.001
DAS28 CRP 0.376(0.237,0.500) <0.001
WBC count 0.238 (0.088,0.377) 0.002
Platelet count 0.157 (0.004, 0.303) 0.044
ESR 0.368 (0.228, 0.493) <0.001
CRP 0.166(0.013,0.311) 0.033
Alkaline phosphatase 0.073 (-0.081, 0.223) 0.352
AST -0.253(-0.391, -0.105) 0.001
ALT -0.173(-0.318, -0.021) 0.026
IL-6 (pg/mL) -0.013(-0.169, 0.143) 0.870

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Cl, confidence interval; CRP, C-reactive protein;
DAS28, 28-joint count disease activity score; ESR, erythrocyte
sedimentation rate; HDGF, hepatoma-derived growth factor; IL,
interleukin; WBC, white blood cell.

@ The values represent correlation coefficient and 95% confidence
interval.
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and DAS28 CRP values (r = 0.376, 95% Cl 0.237, 0.500, p < 0.001).
Furthermore, positive correlations were observed between serum
HDGEF levels and WBC and platelet counts and ESR and CRP levels,
whereas a negative correlation was observed between serum HDGF
levels and aspartate aminotransferase and alanine aminotransferase
(Table 2). Similarly, in a subgroup of patients with seropositive RA,

TABLE 3 Correlation of serum HDGF with age, DAS28, and
laboratory findings in seropositive RA patients (n = 153)

Serum HDGF

Correlation coefficient

(95% CI)? p-value
Age 0.070 (-0.090, 0.226) 0.389
DAS28 ESR 0.441 (0.304, -0.561) <0.001
DAS28 CRP 0.408 (0.267,0.532) <0.001
WBC count 0.224 (0.068, 0.370) 0.005
Platelet count 0.142 (-0.017,0.294) 0.080
ESR 0.373(0.227,0.502) <0.001
CRP 0.160 (0.001, 0.311) 0.048
Alkaline phosphatase 0.126 (-0.034, 0.279) 0.121
AST -0.270(-0.411, -0.116) <0.001
ALT -0.185 (-0.334, -0.027) 0.022
IL-6 (pg/mL) -0.007 (-0.169, 0.155) 0.930

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Cl, confidence interval; CRP, C-reactive protein;
DAS28, 28-joint count disease activity score; ESR, erythrocyte
sedimentation rate; HDGF, hepatoma-derived growth factor; IL,
interleukin; WBC, white blood cell.

“The values represent the correlation coefficient and 95% confidence

interval.
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serum HDGF had a significant impact on DAS28 ESR (r = 0.441, 95%
C10.304-0.561,p < 0.001) and DAS28 CRP (r=0.408, 95% Cl 0.267,
0.532, p < 0.001) (Table 3). There was no difference in the level of
serum HDGF according to the presence/absence of ILD and normal/
abnormal renal function.

3.3 | ROC curve analysis

We divided the patients into active/inactive disease and remis-
sion/non-remission groups and performed a ROC curve analysis
to identify the optimal cutoffs to discriminate the disease activity
status. The ROC curve analysis revealed that the cutoff value of
serum HDGF were 5.79 and 5.14 showing differentiated active/
inactive disease and remission/non-remission with the highest area
under the ROC of 0.682 (95% Cl 0.605, 0.752, p < 0.001) and 0.704
(95% Cl 0.628, 0.772, p < 0.001) (Figure 1). However, the ideal cut-
off of serum HDGF to differentiate RA and OA was determined as
5.47 (area under the ROC 0.608, 95% Cl 0.538, 0.675, p = 0.006)
(Figure 2).

3.4 | Serum HDGF level according to disease
duration and treatment

A comparison of serum HDGEF levels in patients with a disease du-
ration of <3 and 23 months revealed that the levels were signifi-
cantly higher in patients with a duration of <3 months (p = 0.020).
Moreover, the levels were significantly lower in patients who were
currently receiving DMARD and bDMARD treatments (all p < 0.001)
(Figure 3).
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FIGURE 1 ROC curve analysis for discriminating disease activity status in RA. A ROC curve identified an optimal HDGF cutoff value of
5.79 in discriminating (A) active/inactive and 5.14 in (B) remission/non-remission. AUC, area under the curve; Cl, confidence interval; HDGF,
hepatoma-derived growth factor; RA, rheumatoid arthritis; ROC, receiver operator characteristic
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3.5 | Comparison of serum HDGF levels in
RA, OA, and HC and the changes in them after
reduction of disease activity and IHC analysis

Serum HDGEF levels were significantly higher in patients with ac-
tive RA than in those with inactive RA, OA, and HC (all p < 0.001).
Additionally, no difference was observed in the levels among pa-
tients with inactive RA, OA, and HC (Figure 4). To identify whether
the alteration of serum HDGF levels is relevant to the disease se-
verity, serial analyses of serum HDGF levels were performed in 21
patients, and the levels were found to significantly decrease after
the improvement of disease activity (p = 0.046) (Figure 5). No HDGF
expression was observed in the synovial tissues of patients with RA

and OA based on an IHC analysis (Figure 6).

100 |-
80 |-
> 60
=z -
£ i
[
5 I
al
- " [auc=os60s
95% Cl = 0.538, 0.675
20 p = 0.006
0 ! 1 1 |
0 20 40 60 80 100

100-Specificity

FIGURE 2 Optimal cutoff of serum HDGF in the differentiation
of RA and OA. A serum HDGF cutoff level of 5.47 showed the
highest predictive value in differentiating between RA and

OA. AUC, area under the curve; Cl, confidence interval; HDGF,
hepatoma-derived growth factor; OA, osteoarthritis; RA,
rheumatoid arthritis
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4 | DISCUSSION
The present study evaluated the association between serum HDGF
levels and disease activity in patients with RA, and several remark-
able results were obtained. First, the serum HDGF levels were sig-
nificantly correlated with DAS28, the most commonly used tool for
assessing RA disease activity. Notably, these results were replicated
in a subgroup analysis of patients with seropositive RA. Second, the
serum HDGF levels were higher in patients with RA than in those
with OA and HC, and an optimal cutoff for HDGF in the differentia-
tion of RA severity and OA could be derived. Third, a significant de-
crease in serum HDGF levels was observed in patients with RA who
showed an improvement in disease activity. Meanwhile, IHC analysis
of synovial tissue revealed no remarkable HDGF expression in the
RA and OA synovium. Accordingly, our results indicated that serum
HDGF could be a potential laboratory biomarker in patients with RA.
To the best of our knowledge, this is the first study to evaluate the
clinical significance of serum HDGF levels in RA patients.

Several lines of evidence suggest that increased HDGF levels

in circulation are associated with RA disease activity. HDGF is an
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FIGURE 4 Serum HDGF level in patients with active and
inactive RA, OA, and HC. Serum HDGF levels were compared
between patients with active and inactive RA, patients with

OA, and HC. ***p < 0.001. The error bars present median and
interquartile ranges. HC, healthy control; HDGF, hepatoma-derived
growth factor; OA, osteoarthritis; RA, rheumatoid arthritis
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FIGURE 3 Comparison of serum HDGF level in patients with RA according to disease duration and DMARD treatment. Serum HDGF
levels were compared in patients with RA based on (A) disease duration, (B) DMARD use, and (C) bDMARD use. The error bars present
median and interquartile ranges. bDMARD, biologics disease-modifying anti-rheumatic drugs; DMARD, disease-modifying anti-rheumatic
drugs; HDGF, hepatoma-derived growth factor; RA, rheumatoid arthritis
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alarmin, which refers to a group of endogenous molecules that are
linked to cellular and tissue injury.?* Although initially identified as
a damage-associated molecular pattern, it is being increasingly ac-
cepted that the overexpression of alarmins could have deleterious
effects on RA by facilitating the production of tissue-degrading
enzymes, inflammatory cytokines, chemokines, and reactive ox-
ygen species.> Furthermore, alarmins can influence antigen
processing and expedite the differentiation of naive T cells into
effector T cells, thereby sustaining chronic inflammation.?® It has
also been suggested that the binding of extracellular HDGF to its
receptor activates the MAPK and PI3K signaling pathways, which

p = 0.046

HDGF (ng/mL)
R A

0
1

Pre Post

FIGURE 5 Changesin serum HDGF level after the decrease of
disease activity. Serum HDGF levels decreased in patients with RA
following the improvement of disease activity. HDGF, Hepatoma-
derived growth factor

Rheumatoid arthritis

HE x20

HE x200

HDGF x200

are also considered to be critical pathways in RA pathogenesis.?¢%’

Moreover, HDGF translocates to the nucleus, binds to DNA, and af-
fects the expression of genes implicated in RA, such as tumor necro-
sis factor a (TNFa), IL-1, and 1L-6.28 Finally, HDGF has been reported
to act as a growth factor and an angiogenic factor and also possesses
an antiapoptotic effect.? The relationship between HDGF and RA
activity could be proposed considering that synovial fibroblasts in
RA, a major player in maintaining persistent inflammation in RA tis-
sues,?’ are characterized by angiogenesis and defective apoptosis.
However, different from the expression of HDGF in the sera, HDGF
expression was not evident in RA and OA tissues in our study. We
speculate that this discrepancy might be accounted for by the fact
that findings present in RA synovium undergoing surgery more likely
reflects the advanced stage of RA which is not proportional to the
presence of active inflammation. It is obvious that the disparity of
HDGF expression in the sera and tissue observed herein remains to
be better investigated.

Correlation analysis demonstrated that serum HDGF levels
were associated with disease activity indices namely DAS28 ESR
and DAS28 CRP. This correlation was also found to be significant,
with laboratory findings of WBC count, ESR, and CRP, a surrogate
marker indicating inflammation in general. Notably, this relation-
ship was also found to be consistent in patients with seropositive
RA, an RA subtype considered to have a severe clinical presen-
tation and poor prognosis.>® Therefore, the assessment of serum

HDGEF in patients with RA appears to possess clinical value for

Osteoarthritis

FIGURE 6 Immunohistochemical
staining of HDGF in synovial tissues of
patients with RA and OA. Hematoxylin
and eosin staining showed villous

synovial hyperplasia and hypertrophy
with dense perivascular plasma cell,
lymphocyte, and macrophage infiltration
and germinal center formation in the RA
knee, whereas the OA knee demonstrated
myxoid degeneration with focal synovial
hyperplasia with lymphoid follicles. In
contrast, HDGF expression was not
observed in the knee synovium of patients
with RA or OA. HDGF, Hepatoma-derived
growth factor; OA, osteoarthritis; RA,
rheumatoid arthritis
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the estimation of disease activity. This was further supported
by the result that patients treated with DMARDs and bDMARDs
had lower levels of serum HDGF, and serial testing confirmed a
decrease in its level following a reduction in disease activity.
Additionally, ROC curve analysis identified that a cutoff of serum
HDGEF of 5.79 and 5.14 could discriminate active/inactive and re-
mission/non-remission in RA, and a cutoff >5.47 had the highest
predictive value in differentiating between RA and OA. Notably,
no association was found between serum HDGF and IL-6 levels in
our patients. Given that IL-6 has been suggested to play a central
role in RA pathogenesis, and a previous study has reported that
HDGF increases the vascular expression of IL-6 in aortic smooth
muscle cells from rats,3%2 this result was not anticipated. This
discrepancy could be partly explained by the diversity of disease-
specific inflammatory environments and experimental settings.
Alternatively, it could be possible that non-IL-6 dependent sig-
naling exists with regard to HDGF and dysregulated immune re-
sponse in RA or therapeutic effects of drugs/biologics toward
IL-6 levels may have influenced the result.

This study had several limitations. First, this was a pilot study
using serum samples that were collected during routine patient
care, and patients’ data collection was undergone retrospectively.
Second, the number of treatment-naive patients and those with
seronegative RA were relatively small. Furthermore, the effect of
medications on the treatment of RA could have affected the serum
levels of HDGF, but analysis of these effects was not possible. Third,
although a significant correlation between DAS28 and serum HDGF
was present, the correlation coefficient was only moderate, and the
AUROC curve value for discriminating RA disease activity and in pa-
tients with RA and OA was not decent. Fourth, the underlying mech-
anism linking the promotion of inflammation in RA and HDGF could
not be evaluated in detail. Additional research is warranted in the
future to reveal the precise role of serum HDGF in patients with RA.

In summary, we demonstrated that serum HDGF levels were
correlated with disease activity in patients with RA and were signifi-
cantly higher in those with active disease than in those with OA and
the HCs. Serial testing of serum HDGF also revealed a decrease in its
level after the improvement of RA disease activity, suggesting that
it could be a potential laboratory biomarker reflecting the disease

severity of RA.
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