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Elevated serum level of hepatocyte growth factor
predicts development of new syndesmophytes in
men with ankylosing spondylitis
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Abstract

Objectives. To study baseline serum hepatocyte growth factor (s-HGF) as a predictor of spinal radiographic pro-
gression overall and by sex and to analyse factors correlated to changes in s-HGF in patients with AS.

Methods. At baseline and the 5-year follow-up, s-HGF was analysed with ELISA. Spinal radiographs were graded
according to modified Stoke Ankylosing Spondylitis Spinal Score. Radiographic progression was defined as >2
modified Stoke Ankylosing Spondylitis Spinal Score units/5years or development of >1 syndesmophyte. Logistic
regression analyses were used.

Results. Of 204 baseline participants, 163 (80%) completed all examinations at the 5-year follow-up (54% men). Baseline s-
HGF was significantly higher in men who developed >1 syndesmophyte compared with non-progressors, median (interquar-
tile range) baseline s-HGF 1551 (1449-1898) vs 1436 (1200-1569) pg/ml, P=0.003. The calculated optimal cut-off point for
baseline s-HGF >1520 pg/ml showed a sensitivity of 70%, a specificity of 69% and univariate odds radio (95% CI) of 5.25
(1.69, 14.10) as predictor of development of >1 new syndesmophyte in men. Baseline s-HGF >1520 pg/ml remained signifi-
cantly associated with development of >1 new syndesmophyte in men in an analysis adjusted for the baseline variables age,
smoking, presence of syndesmophytes and CRP, odds radio 3.97 (1.36, 11.60). In women, no association with HGF and
radiographic progression was found. Changes in s-HGF were positively correlated with changes in ESR and CRP.
Conclusion. In this prospective cohort study elevated s-HGF was shown to be associated with development of
new syndesmophytes in men with AS.

Key words: AS, hepatocyte growth factor, outcomes research

—
<
O
zZ
4
(@)

SCIENCE

Rheumatology key messages

o There is a lack of prognostic biomarkers of spinal radiographic progression in patients with AS.
o Higher levels of s-HGF predicted development of new syndesmophytes in men with AS.
o Whether the moderate prediction of s-HGF improves if combined with other biomarkers is not elucidated.
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AS is a chronic, inflammatory disease affecting the spine
and sacroiliac joints, and is associated with increased
spinal bone formation and development of syndesmo-
phytes. The spinal bone formation contributes to the lim-
ited mobility and impaired physical function often
affecting patients with AS [1, 2], a process only partly
understood. The strongest predictor for spinal radio-
graphic progression is the presence of baseline syndes-
mophytes [3-5]. However, radiographic progression can
be slow and highly variable between patients [6], and
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other prognostic factors such as biomarkers are war-
ranted. Elevated CRP, the biomarker most studied in
this regard, is independently associated with spinal
radiographic progression in AS [5, 7, 8]. Several other
biomarkers have been studied but are not in clinical use
[9].

Hepatocyte growth factor (HGF) is a potent growth
factor essential for organ development. HGF signalling is
required for self-repair of injuries in various organs such
as liver, kidney, muscles and skin [10]. Further, HGF can
modulate various immune cell types and has anti-
inflammatory effects in animal models [11], promotes
angiogenesis [12] and contributes to tumour invasion
and metastatic growth [13]. HGF signals through its only
receptor, cellular MET (cMET) receptor, expressed on
both osteoclasts and osteoblasts [14]. Knowledge of the
role of HGF in bone biology is limited.

Previously, we have shown that serum HGF (s-HGF)
was higher in patients with AS than in controls and inde-
pendently associated with higher modified Stoke
Ankylosing Spondylitis Spinal Score (MSASSS) [15]. The
aims of the present study were to assess (i) baseline s-
HGF as a predictor for spinal radiographic progression
over 5years overall and by sex, and (i) if demographic
characteristics, disease activity and medications are
correlated with changes in s-HGF.

Methods
Patients and controls

Patients with AS fulfilling the modified New York criteria
[16] were recruited at baseline in 2009 from three
rheumatology clinics in western Sweden. Exclusion cri-
teria were diagnosed IBD, malignancy, psoriasis, de-
mentia, ongoing pregnancy and difficulties in
understanding the Swedish language [17]. In total, 204
patients completed the baseline protocol. After 5years,
they were invited to a follow-up. The enrolment from
baseline to follow-up has been described in detail in a
previous report for 166 patients; all with baseline
mMSASSS <72 (three patients with maximum baseline
MSASSS were excluded) [18]. Of these 166 patients,
three did not have s-HGF analysed at follow-up.

For comparison of baseline s-HGF levels, 80 healthy
controls (HCs) were recruited among blood donors while
giving blood at the Sahlgrenska University Hospital,
Gothenburg. The blood donors answered a question-
naire stating they were in full health and not on any
medication. Written informed consent was obtained
from all participants and was approved by the regional
ethics committee in Gothenburg, Sweden (reference
numbers: Dnr: 597-08 and Dnr: 690-13) and the study
complies with the Declaration of Helsinki.

Physical examinations and questionnaires

The patients were assessed with the same methods at
baseline and at the 5-year follow-up. Physical examin-
ation included BASMI [19]. Questionnaires included
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medical history, lifestyle factors, medications, BASFI,
BASDAI and AS Disease Activity Score based on CRP
[19]. Based on baseline occupation, the patients were
categorized as blue-collar workers (manual labour),
white-collar workers (less physical activity and more for-
mal education) [20] or no work. NSAID consumption
from baseline to the follow-up was quantified according
to the recommendations of the Assessment of
SpondyloArthritis international Society [21].

Laboratory tests

CRP, ESR and white blood cell count (WBC) were ana-
lysed using standard laboratory techniques on both
occasions. Serum for analysis of HGF (pg/ml) was col-
lected at baseline for patients and HC and at follow-up
for patients and stored at —80°C. Baseline and follow-
up s-HGF were analysed on two separate occasions
using the same ELISA kit (Quantikine ELISA, R&D
Systems Inc., Minneapolis, MN, USA) according to the
manufacturer’s instructions. Absorbance was read at
450 nm with a SpectraMax 340PC3%* spectrophotometer
(Molecular Devices, San Jose, CA, USA). The software
SoftMax Pro 5.2 (Molecular Devices) was used for cal-
culating HGF concentrations. The limit of detection for
HGF was 40pg/ml and the lower limit of quantification
was 125pg/ml. All patients and HCs had levels above
the limit of quantification. Since baseline and follow-up
s-HGF were analysed on separate occasions with the
serum samples being stored in the freezer for different
length of time, the association for the average s-HGF
(derived from the baseline and the follow-up values) and
spinal radiographic progression was also analysed.

Radiography

Cervical and lumbar lateral spinal radiographs were
obtained at baseline and at the 5-year follow-up and
graded according to mSASSS. The total score ranges
from 0 to 72 [22]. All radiographs were scored simultan-
eously by the same musculoskeletal radiologist with
known chronological order but blinded to clinical data.
Definite radiographic progression was defined by an in-
crease in mMSASSS over 5years by >2 points or as de-
velopment of >1 new syndesmophyte over 5years,
defined as mSASSS of >2 points at follow-up at a verte-
bral corner with 0 or 1 at baseline [4]. Further details of
the scoring process, the intraclass correlation coefficient
and smallest detectable change have been reported for
this cohort previously [18].

Statistics

Descriptive statistics are presented as numbers (per-
centage) or median (interquartile range). The Mann-
Whitney U-test, y2 test or Fisher's exact test were used
to compare differences between groups. The Wilcoxon
signed-rank test was used to compare s-HGF at base-
line and follow-up. The average s-HGF was calculated
from baseline and follow-up values. A receiver operating
characteristic curve was plotted for men, with baseline
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s-HGF as the test variable and development of >1 new
syndesmophyte as the categorical state variable.
Youden’s index was used to identify an optimal cut-off
point for a predictive s-HGF value. Positive likelihood
ratio (LR+) and negative likelihood ratio (LR—) for devel-
oping >1 syndesmophyte were calculated for the cut-off
point of s-HGF. Univariate and multivariable logistic re-
gression analyses with progression of >2 mSASSS over
5years or development of >1 new syndesmophyte as
dependent variable (yes = 1, no = 0) were conducted to
analyse the association for baseline s-HGF, baseline
optimal cut-off point for s-HGF and the average s-HGF
and definite  spinal radiographic progression.
Multivariable analyses (backward method) were con-
ducted if the HGF-covariate was significantly associated
with the dependent variable in the univariate analysis.
The multivariable analyses were adjusted for variables
significantly associated with spinal radiographic progres-
sion previously reported for this cohort—for new
syndesmophyte: age, smoking and baseline syndesmo-
phytes for men, and additionally, sex and exposure to
bisphosphonates during follow-up for the total group;
and for progression >2 mSASSS points for men: base-
line BMI, ever smoker, mSASSS and CRP [18]. Two
separate sensitivity analyses were conducted for base-
line CRP and type of occupation for development of >1
new syndesmophyte, even though the variables were
not significantly associated with development of new
syndesmophytes in this cohort. Correlations were calcu-
lated using Spearman’s correlation coefficient (rs). The
tests were two-tailed and P <0.05 was considered stat-
istically significant. Statistical analyses were performed
using IBM SPSS Statistics 22 (IBM Corp., Armonk, NY,
USA), except calculation of s-HGF cut-off point where
SAS software version 9.4 (SAS Institute, Cary, NC, USA)
was used.

Results
Characteristics of participants

Of the 204 patients completing the baseline protocol,
163 (80%) patients completed the examinations includ-
ing analysis of s-HGF at the 5-year follow-up. There
were no significant differences between patients that
participated in the 5-year follow-up vs those who did
not participate regarding baseline s-HGF, mSASSS, age
or sex (P-value 0.13, 0.70, 0.46 and 0.17, respectively).

Of the 163 patients, 88 (54%) were men. Some sex
differences were found: men had higher BMI and
mSASSS and lower ESR compared with women, more
men had at least one syndesmophyte and more men
were HLA-B27 positive (Table 1).

The 80 HCs consisted of 54 (67.5%) men and 26
(832.5%) women with median (IQR) age 48.5 (41-57)
years. The sex distribution or age of HCs did not differ
significantly from the AS cohort, (P=0.061 and P=0.25,
respectively).
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HGF serum levels

Patients with AS had significantly higher median (IQR) s-
HGF [1493 (1247-1706) pg/ml, compared with HCs,
1375 (1112-1665) pg/ml, P=0.050]. However, in analy-
ses stratified by sex, s-HGF did not differ between
patients and controls (Supplementary Fig. S1, available
at Rheumatology online). Also, s-HGF did not differ be-
tween sexes in patients (Table 1) or HCs.

At the 5-year follow-up, median s-HGF had decreased
in the total group from 1493 (1247-1706) to 1225 (1077-
1427) pg/ml (P<0.001). Both sexes had significant
decreases (Supplementary Fig. S2, available at
Rheumatology online). Median average s-HGF was 1378
(1189-1609) pg/ml and did not differ between men and
women [1383 (1180-1527) vs 1369 (1189-1641) pg/mi
respectively, P=0.55].

HGF and spinal radiographic progression

Spinal radiographic progression was more common
among men compared with women; 32 (36%) men vs
15 (20%) women had progression of >2 mSASSS over
5years (P=0.034) and 27 (31%) men vs 9 (12%) women
had developed >1 new syndesmophyte (P =0.005).

Comparisons of patients with either type of radio-
graphic progression vs non-progression showed that
baseline s-HGF was higher in men with development of
>1 new syndesmophyte. Also, the average s-HGF was
higher in men with both types of progression (Table 2).

In the receiver operating characteristic analysis done to as-
sess the predictive value of baseline s-HGF for development
of new syndesmophytes in men, the area under the curve
was 0.70 (95% CI: 0.58, 0.82) (P=0.003, Fig. 1). The optimal
HGF cut-off level was defined as 1520 pg/ml, which was
found in 38 (43%) of the men and showed a sensitivity of
70%, a specificity of 69%, a LR+ of 2.26 and LR— of 0.43
for development of >1 new syndesmophyte in men. The cu-
mulative probability of mMSASSS progression in men over
Syears stratified by HGF cut-off point is shown in Fig. 2.

In the multivariable logistic regression analyses adjusted
for age, smoking and baseline syndesmophytes, baseline s-
HGF per 1 s.p., baseline s-HGF >1520 pg/ml and the aver-
age s-HGF were significantly associated with development
of >1 new syndesmophyte in men. In the multivariable anal-
yses for men, odds radio (OR) (95% CI) for s-HGF per 1
s.0. was 1.90 (1.01, 3.59) (P = 0.048), for s-HGF >1520 pg/
ml OR was 3.97 (1.36, 11.60) (P=0.012) and for the aver-
age s-HGF OR was 2.07 (1.11, 3.85) (P=0.022). The point
estimates for ORs did not change if baseline CRP or type
of occupation was included in the models (Table 3).

Variables correlated with baseline s-HGF and
changes in HGF

Correlation analyses showed that baseline s-HGF was still
positively correlated with older age and higher BMI, ESR,
CRP, WBC, BASMI, mSASSS and swollen joint count des-
pite patients being lost to follow-up. The highest ry was
found for HGF and WBC. In addition, s-HGF was still higher
in current smokers and users of prednisolone whereas no
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TasLE 1 Baseline characteristics and medications at baseline and during follow-up for 163 patients with ankylosing

spondylitis

Total group

Demographic variables

Age, median (IQR), years 49 (40-62)
BMI, median (IQR), kg/m? 24.8 (22.8-27.7)
Current smoker, n (%) 17 (10)
Ever smoker, n (%) 78 (48)
Type of occupation, n (%)

Blue collar 38 (23)

White collar 77 (47)

No work 48 (29)

Disease-related variables
Symptom duration, median (IQR), years
HLA-B27 positive, n (%)
History of anterior uveitis, n (%)
BASMI, median (IQR), score
BASFI, median (IQR), score

22 (12-34)
@
84 (5
8 )
2( )
BASDAI, median (IQR), score 1 (1.7-5.1)
0 )
0 )
5 )
0
75
(

2

140 6)
2)

2.0-4.0

ASDAS_CRP, median (IQR), score 1.4-2.8
CRP, median (IQR), mg/I 1.0-6.0
WBC, median (IQR), x10%I 5.2-8.1
mSASSS, median (IQR), score 0-20.0)
>1 syndesmophyte, n (%) 46)
HGF, median (IQR), pg/ml
Medications at baseline, n (%)

NSAID 126 (77)
TNFi and/or csDMARD' 57 (35)
Bisphosphonates 7 (4)
Prednisolone 6 (4)
Medications during follow-up, n (%)

NSAID-index, 0-100 16 (3-67)
TNFi and/or csDMARD? 69 (42)
Bisphosphonates 30(18)
Prednisolone 17 (10)

1.0-3.7)°

a

1493 (1247-1706)

49 (39-61) 49 (42-63) 0.33
25.6 (23.4-28.3) 24.0 (21.8-27.7) 0.034
8(9) 9(12) 0.73
43 (49) 35 (47) 0.90
0.98
20 (23) 18 (24)
42 (48) 35 (47)
26 (29) 22 (29)
20 (11-31)° 24 (14-34) 0.31
81(92) 59 (79) 0.026
49 (56) 35 (47) 0.32
3.0 (1.7-4.0) 8(2.2-3.8) 0.87
1.8 (1.0-3.2) 5(1.0-4.5)4 0.25
2.5(1.4-4,9)° (1 9-5.5)¢ 0.065
1.9 (1.3-2.9) 0(1.5-2.6) 0.55
3.0 (1.0-7.0) 0 (1.0-5.0) 0.21
6.4 (5.1-7.8) (5 3-8.4) 0.55
8.5 (2.0-34.75) 0 (0-11.0) <0.001
50 (57) 25 (33) 0.005
1490 (1244-1685) 1511 (1247-1842) 0.45
65 (74) 61 (81) 0.34
32 (36) 25 (33) 0.81
1(1) 6 (8) 0.049
3(3) 3(4) 1.00
19 (3-81) 16 (3-42) 0.27
39 (44) 30 (40) 0.69
11 (13) 19 (25) 0.057
8(9) 9(12) 0.61

Significant differences between men and women are shown in bold typeface. n=161.

®n=86. °n=162. 9n=74. *n=87.

fIn the total group, 32 (20%) patients were using TNFi in monotherapy or in combination with a csDMARD, 21 (24%) men
and 11 (15%) women. 9In the total group, 48 (29%) patients were exposed to TNFi in monotherapy or in combination with
csDMARD, 29 (33%) men and 19 (25%) women. ASDAS_CRP: Ankylosing Spondylitis Disease Activity Score based on
CRP; csDMARD: conventional synthetic DMARD; HGF: hepatocyte growth factor; HLA-B27: HLA B27; mSASSS: modified
Stoke Ankylosing Spondylitis Spinal Score; IQR: interquartile range; TNFi: TNF inhibitor; WBC: white blood cell count.

difference was found between users and non-users of TNFi.
The only difference from the baseline study was use of
NSAID now being correlated with lower s-HGF
(Supplementary Table S1, available at Rheumatology online).

Correlation analyses for changes in HGF (AHGF)
showed that increasing HGF was correlated with
increases over 5years in ESR, CRP and WBC. Neither
medication at baseline nor medication during follow-up
was associated with AHGF (Table 4).

Discussion

In the present study, we found an elevated baseline s-
HGF to be associated with development of new

https://academic.oup.com/rheumatology

syndesmophytes in men, also after adjustment for varia-
bles previously shown to predict new syndesmophytes
in men in this cohort. Also, an increased average s-HGF
was associated with development of new syndesmo-
phytes in men. s-HGF in relation to AS-related spinal
alterations has, to our knowledge, only been evaluated
before in our baseline, cross-sectional study, which
demonstrated that higher s-HGF was associated with
higher mSASSS [15]. The pathophysiological mecha-
nisms behind the relationship between new bone forma-
tion and HGF in AS are not known, but there are several
possibilities. Human osteoclasts and osteoblasts ex-
press cMET indicating that HGF participates in regulat-
ing bone metabolism [14]. Also, osteoclasts and
osteoblasts have been found to synthesise HGF [14, 23,
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TaBLe 2 Comparing baseline serum-HGF and the average serum-HGF in patients with and without radiographic
progression

Baseline serum HGF, P-value Average-serum HGF, P-value

median (IQR), pg/ml®

median (IQR), pg/ml

Yes No Yes No
Progression >2 mSASSS
Total group (n = 163)
Men (n = 88)
Women (n = 75)

1527 (1315-1711)
1534 (1373-1711)
1405 (1183-1832)

1484 (1235-1693)  0.34
1458 (1196-1572)  0.064
1517 (1264-1862)  0.53

1408 (1236-1688)
1455 (1263-1676)
1314 (1164-1728)

1367 (1161-1584) 0.18
1348 (1129-1466) 0.025
1374 (1196-1640) 0.71

Development >1 syndesmophyte
Total group (n = 163) 1537 (1393-1805)
Men (n = 88) 1551 (1449-1898)
Women (n = 75) 1230 (1103-1573)

1475 (1242-1706)  0.21
1436 (1200-1569)  0.003
1527 (1278-1898)  0.11

1465 (1302-1685)
1478 (1381-1722)
1297 (1172-1442)

1358 (1163-1591)  0.031
1289 (1147-1453)  <0.001
1377 (1183-1651)  0.30

aSignificant differences are shown in bold. Progression >2 mSASSS, in total group n=47/163, men n=32/88, women
n=15/75. Development >1 syndesmophyte, in total group n=236/163, men n=27/88, women n=9/75. The average
serum-HGF is calculated from baseline and follow-up values. HGF: hepatocyte growth factor; IQR: interquartile range;
mSASSS: modified Stoke Ankylosing Spondylitis Spinal Score.

Fic. 1 ROC curve for baseline serum-HGF and develop-
ment of new syndesmophytes in 88 men with AS

1.0

0.6+

Sensitivity

0.4+

" AUC = 0.70 (95% CI 0.58 to 0.82)
p =0.003

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

ROC curve for association of baseline s-HGF and devel-
opment of >1 new syndesmophyte over 5years in 88
men with ankylosing spondylitis. AUC: area under the
curve; s-HGF: serum hepatocyte growth factor; ROC:
receiver operating characteristic.

24]. However, whether HGF promotes or inhibits osteo-
genesis is still under debate. There are studies indicating
that HGF promotes osteogenic differentiation [25, 26],
that blocking HGF signalling disrupts mineralization
in vitro [25] and that treatment with HGF improves frac-
ture healing in rabbits [27]. In contrast, other studies
have found that HGF inhibits differentiation of osteo-
blasts in vitro [28], and that inhibition of cMET has a
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Fic. 2 Cumulative probability of mSASSS progression
over 5years in men stratified by HGF cut-off point

12 -
O HGF 2 1520, n = 38 o
10 1 A HGF <1520, n=50
a
3
g 87 o
£ o]
% 6 - 000
[ =]
2 0o s
S 4 - 0coo M
q)I"- o Fa'a'ay
o, 0o A
0 -

0 0.2 0.4 0.6 0.8 1.0
Cumulative probability

The cumulative probability for the change in mSASSS
from baseline to the 5-year follow-up in 88 men with
ankylosing spondylitis categorized according to the cut-
off point baseline s-HGF of 1520 pg/ml. HGF: hepato-
cyte growth factor; mSASSS: modified Stoke Ankylosing
Spondylitis Spinal Score.

regenerative effect on bone defects in mice [29].
Whether different effects on osteogenesis could be due
to HGF levels or timing of HGF administration in studies
is still under debate [30].

Another possible link between new bone formation in
AS and HGF could be related to the correlation between
inflammatory parameters and HGF demonstrated for
CRP, ESR and WBC considering that elevated CRP and
high disease activity are associated to spinal radio-
graphic progression [5, 7, 8, 31]. In a study on a large

https://academic.oup.com/rheumatology
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TaBLE 3 Logistic regression analyses for spinal radiographic progression over 5years in patients with ankylosing

spondylitis

Development >1 new syndesmophyte

OR, unadjusted P-value

(95% CI)

Baseline s-HGF pg/ml, per 1 s.p.
Total group (n = 163) 1.23(0.86, 1.78) 0.26

OR, adjusted®
(95% CI)

Progression >2 mSASSS

P-value OR, unadjusted P-value

(95% CI)

NA 1.13(0.81, 1.60) 0.47

Men (n = 88) 2.39 (1.31, 4.36) 0.004 1.90 (1.01, 3.59) 0.048 1.64 (0.98, 2.76) 0.061

Women (n = 75) 0.52 (0.22,1.22) 0.13 NA 0.83(0.48, 1.45) 0.51
Baseline s-HGF >1520 pg/ml

Total group (n =163)  2.19 (1.03, 4.68) 0.042 Not in final model 1.33(0.67,2.62) 0.41

Men (n = 88) 5.25 (1.96, 14.10) 0.001 3.97 (1.36, 11.60) 0.012 1.89 (0.78, 4.56) 0.16

Women (n = 75) 0.47 (0.11, 2.04) 0.31 NA 0.88(0.28, 2.72) 0.82
Average-HGF pg/ml, per 1 s.p.

Total group (n = 163) 1.49 (1.04, 2.13) 0.031 Not in final model 1.30(0.93, 1.81) 0.12

Men (n = 88) 2.59 (1.44, 4.67) 0.002 2.07 (1.11, 3.85) 0.022 1.78 (1.09, 2.90) 0.020°

Women (n = 75) 0.65 (0.30, 1.43) 0.28 NA 0.89 (0.50, 1.58) 0.69

Significant associations are shown in bold typeface. Development >1 syndesmophyte, in total group n=36/163, men
n=27/88, women n=29/75. Progression >2 mSASSS, in total group n=47/163, men n=232/88, women n=15/75., ®For
men, adjusted for age, smoking and baseline syndesmophyte. For total group adjusted for age, sex, smoking, baseline
syndesmophyte and exposure to bisphosphonates. If baseline CRP or type of occupation was included in the models, the
ORs and P-values for s-HGF per 1 s.p., s-HGF >1520 and the average s-HGF per 1 s.p. remained the same. PIn the ana-
lysis adjusted for BMI, ever smoker, baseline CRP and mSASSS the variable did not remain in the final model. HGF: hep-
atocyte growth factor; mSASSS: modified Stoke Ankylosing Spondylitis Spinal Score; NA: not applicable; OR: odds radio.

panel of biomarkers and disease activity in AS, HGF
clustered with MMP-8 and -9 and CXCL8 and was asso-
ciated with higher CRP and BASDAI [32]. In our cohort,
patients with AS had higher levels of HGF than had
HCs, which has also been found in patients with
rheumatoid arthritis (RA) [33, 34], IBD [35] and SLE [36].
Also, HGF in synovial fluid from patients with RA was
higher than in peripheral blood and one prospective
study on RA found plasma HGF to predict joint destruc-
tion, affecting both bone erosions and cartilage with
joint space narrowing [37-39]. Cytokines like IL-1 and -6
and TNFa upregulate HGF and cMET during tissue re-
pair [40]. Whether HGF has a mechanistic role in inflam-
matory diseases or if levels are increased as an
unspecific response to inflammation is not clear.
However, in mouse models of collagen-induced arthritis
and experimental colitis, HGF treatment led to suppres-
sion of inflammation [11, 41, 42]. In vitro studies suggest
that HGF has multiple effects on the immune system,
but are inconclusive regarding the effect, whereas ani-
mal studies suggest an anti-inflammatory effect [11].
Higher baseline s-HGF was correlated with smoking,
older age, elevated CRP and higher BMI, factors previ-
ously found to be associated with spinal radiographic
progression, which can indicate that HGF is involved in
this process [5, 7, 18, 31]. However, these associations
are not specific for AS. In 5395 individuals without car-
diovascular disease, higher s-HGF was also associated
with smoking, older age, higher CRP and higher BMI,
but also with female sex [43]. We found no sex differ-
ence in s-HGF levels in this cohort of AS patients, but

https://academic.oup.com/rheumatology

HGF was associated with development of new syndes-
mophytes in men only, whereas the effect in women
was non-significantly protective. Whether this is due to
differences between sexes in mechanisms behind bone
formation or has other explanations remains to be
examined in future studies. Data for women in this study
are difficult to interpret since few women had radio-
graphic progression.

The cut-off point for s-HGF of 1520 pg/ml had a sensi-
tivity of 70%, a specificity of 69% and an area under
the curve of 0.70 for development of >1 syndesmophyte
in men with AS. Other studies of biomarkers as predic-
tors for spinal radiographic progression in AS have
reported similar levels of sensitivity and specificity for
the total group of patients. The optimal cut-off point for
MMP-3 showed a sensitivity and a specificity of 70% for
any progression in AS over 2 years [44]. For s-calprotec-
tin, sensitivity was 72% and specificity 60% for develop-
ment of new syndesmophytes over 2years in patients
with early axSpA [45]. A recent publication examined
combinations of 10 biomarkers, and for the combination
of vascular endothelial growth factor, leptin and high
molecular weight adiponectin the area under the curve
was 0.73 (95% CI: 0.61, 0.85) for prediction of >2
mSASSS over 2years. When these biomarkers were
added to clinical parameters, the prediction of radio-
graphic progression improved compared with clinical
parameters only, but the added value for the biomarkers
was small [46]. Whether HGF in combination with other
biomarkers or clinical parameters can improve the pre-
diction of radiographic progression further is yet to be
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TasLe 4 Correlations between changes in serum-HGF and characteristics and medications for 163 patients with anky-

losing spondylitis

Change in serum-HGF pg/ml between baseline and the 5-year follow-up

Correlation coefficient, rg

P-value

Baseline characteristics

Age, years 0.13 0.11
BMI, kg/m? -0.79 0.32
Smoking, Y/N -0.13 0.11
HLA-B27" 0.073 0.35
Changes in BMI and disease related variables between baseline and the 5-year follow-up
ABMI, kg/m? —-0.033 0.67
AESR, mm/h 0.24 0.002
ACRP, mg/I 0.19 0.014
AWBC x 10%/I 0.40 <0.001
AASDAS_CRP, score 0.039 0.62
ABASDAI, score -0.14 0.080
ABASMI, score —0.046 0.56
ABASFI, score —0.076 0.34
Medications at baseline
NSAID, Y/N 0.14 0.077
TNFi and/or csDMARD, Y/N 0.032 0.68
Bisphosphonates 0.098 0.21
Prednisolone -0.12 0.13
Medications during follow-up
NSAID index, 0-100 0.11 0.18
Exposure TNFi and/or csDMARD, Y/N —0.007 0.93
Exposure bisphosphonates, Y/N —0.029 0.72
Exposure Prednisolone, Y/N -0.11 0.16

Significant correlations are shown in bold typeface. ASDAS_CRP: Ankylosing Spondylitis Disease Activity Score based on
CRP; BASMI: Bath Ankylosing Spondylitis Metrology Index; csDMARD: conventional synthetic DMARD; HGF: hepatocyte

growth factor; TNFi: TNF inhibitor.

explored in future research, and at present we cannot
recommend the of use s-HGF in clinical practice.

Over 5years, s-HGF decreased in the AS patients with
no association found for medications. However, this ob-
servational study was not designed to evaluate treatment
effects. Changes in HGF correlated positively with
changes in CRP and ESR. To our knowledge, changes in
HGF and factors associated therewith have not been
studied in other rheumatic diseases previously.

Limitations of this study are the relatively few patients
with radiographic progression, limiting the statistical power
and the observational nature of the study with patients hav-
ing different treatments with different starting points that
could affect both HGF levels and radiographic progression.
Also, the NSAID index was based on the recollection of
NSAID use during follow-up time. Another limitation is hav-
ing only one reader for scoring the radiographs. Further,
serum samples were stored in the freezer for different
lengths of time and the measurement interval of 5years for
HGF is too long to draw definite conclusions about HGF
levels over time and factors associated with changes. We
also lack follow-up values and information about smoking
status in the controls and we lack a control group with
mechanical back pain for comparisons of s-HGF. The
strength of the study is the longitudinal design with a well-
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characterized cohort of patients with AS. This is the first
longitudinal study evaluating s-HGF in patients with AS and
our results needs to be confirmed, preferably in combin-
ation with other biomarkers or clinical parameters in order
to improve prediction. It would also be of interest to know if
HGF responds to treatment and to study possible mecha-
nisms of HGF in affected tissues.

In conclusion, elevated s-HGF was found to be asso-
ciated with development of new syndesmophytes in
men with AS also when adjusted for variables associ-
ated with spinal radiographic progression previously
reported for this cohort. There are several possible
mechanisms for HGF to influence spinal radiographic
damage in AS, which include a direct effect on osteo-
blasts or osteoclasts, an immunomodulatory effect of
HGF, or alternatively HGF levels could be elevated in re-
sponse to inflammatory cytokines with no direct effect
on structural progression. Thus, the role of HGF in AS
needs to be further investigated.
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