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Abstract
Purpose/methods Prader–Willi syndrome (PWS) is a rare genetic disorder displaying different clinical features, includ-
ing obesity and bone impairment. LIGHT/TNFSF14 is a cytokine produced by immune cells affecting both fat and bone 
metabolism. The present study aimed to evaluate LIGHT serum levels in 28 children and 52 adult PWS patients compared 
to age and sex-matched controls, as well as correlations with parameters of bone and fat metabolism.
Results Median serum LIGHT levels were significantly increased in pediatric PWS with respect to controls [255.82 
(284.43) pg/ml vs 168.11 (76.23) pg/ml, p ≤ 0.02] as well as in adult PWS compared to controls [296.85 (895.95) pg/ml vs 
134.18 (141.18) pg/ml, p ≤ 0.001]. In pediatric PWS, LIGHT levels were positively correlated with weight-SDS, height-SDS, 
and glucose levels, and negatively with total 25 (OH) vitamin D, cholesterol, LDL cholesterol and triglycerides. Addition-
ally, LIGHT levels were negatively correlated with total BMD and fat mass. In adult PWS, LIGHT levels were positively 
correlated with weight, HDL cholesterol and PTH, and negatively with glucose, insulin, HOMA-IR, total cholesterol, LDL 
cholesterol, triglycerides, calcium, phosphorus, 25(OH)Vitamin D as well as with instrumental parameters of bone and fat 
quality. Consistently, multiple regression analysis showed that LIGHT serum levels in pediatric and adult PWS were predicted 
by different parameters including 25 (OH) Vitamin D as well as DXA parameters of bone and fat quality.
Conclusions In PWS children and adults the high levels of LIGHT could represent a marker of the altered bone and fat 
metabolism.
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Introduction

Prader-Willi syndrome (PWS) is a rare complex genetic 
disorder, resulting from the inactivation of the Prader-Willi 
Critical Region on paternal chromosome 15 (q11-q13) which 

contains a cluster of imprinted genes [1]. The clinical fea-
tures include neonatal hypotonia with initial failure to thrive, 
followed by hyperphagia and early childhood-onset obesity 
if not controlled, endocrine abnormalities, developmental 
delay, behavioral disorders, dysmorphic features as well as 
bone impairment [2]. In particular, PWS subjects display 

M. F. Faienza and G. Brunetti equally contributed to the paper.

 * G. Brunetti 
 giacomina.brunetti@uniba.it

1 Department of Precision and Regenerative Medicine 
and Ionian Area, Section of Human Anatomy and Histology, 
University of Bari ‘A. Moro’, Bari, Italy

2 Department of Biosciences, Biotechnologies 
and Environment, University of Bari Aldo Moro, Via 
Orabona, 4, 70125 Bari, Italy

3 Endocrinology Unit, Pediatric University Department, 
Bambino Gesù Children’s Hospital, Rome, Italy

4 Division of Auxology, Istituto Auxologico Italiano, Research 
Institute, Verbania, Italy

5 Pediatric Unit, Department of Human Pathology 
in Adulthood and Childhood, University of Messina, 
Messina, Italy

6 Reference Center for Prader-Willi Syndrome, Bambino Gesù 
Children’s Hospital, Research Institute, Rome, Italy

7 Neonatal Intensive Care Unit, Di Venere Hospital, Bari, Italy
8 Department of Translational Biosciences and Neurosciences, 

Section of Human Anatomy and Histology, University 
of Bari ‘A. Moro’, Bari, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-023-02050-2&domain=pdf
http://orcid.org/0000-0002-0681-1432


1902 Journal of Endocrinological Investigation (2023) 46:1901–1909

1 3

reduced bone mineral content (BMC) and total bone mineral 
density (BMD) [1, 3–5], as well as additional orthopedic 
problems and fracture risk [4, 6]. Moreover, in PWS subjects 
fat-free mass (FFM) is significantly lower than controls [7, 
8], and muscle function as well as resting energy expenditure 
(REE) are impaired compared to subjects with common obe-
sity, although REE results unaltered when adjusted for FFM 
[9]. Recently, it has also been reported that subcutaneous 
adipose tissue is a positive predictor for BMD in prepubertal 
PWS children [10].

Different mechanisms have been proposed to explain the 
bone impairment in PWS subjects, including the multiple 
endocrine abnormalities that requires treatment with recom-
binant growth hormone (rhGH) in childhood, and later sex 
steroid replacement therapy. Previously, we reported the 
involvement of RANKL, OPG, and sclerostin in the altered 
bone turnover of PWS subjects [5]. More recently, we also 
demonstrated the role of irisin, a molecule affecting bone 
and fat metabolism [11, 12] in PWS children and adults [13]. 
There is a network bridging the classic insulin target tissues 
(adipose tissue, muscle, and liver) and the cells of immune 
system that, in turn, release cytokines affecting/altering the 
homeostasis of these tissues [14]. Among the molecules pro-
duced by the immune cells, LIGHT/TNFSF14 (homologous 
to Lymphotoxins exhibiting Inducible expression and com-
peting with herpes simplex virus Glycoprotein D for herpes 
virus entry mediator (HVEM), a receptor expressed by T 
lymphocytes) plays a role in modulating the crosstalk of the 
above-mentioned tissues.

A reduced bone mass has been demonstrated in Tnfsf14 
deficient mice [15], whereas high levels of this cytokine have 
been found in obese subjects [16, 17] and in some bone dis-
eases [18–20]. However, the role of LIGHT in adipogenesis 
is still debated. Liu et al. showed that in vitro LIGHT sus-
tains the adipogenic differentiation of human mesenchymal 
stem cells [21], whereas Tiller et al. reported that LIGHT 
inhibits adipogenesis without altering adipocyte metabolism 
[22]. Furthermore, there are no literature data on the involve-
ment of this cytokine in syndromic obesity.

The aim of this study was to evaluate the serum levels 
of LIGHT in a cohort of children and adults affected with 
PWS. We also correlated the levels of this cytokine with 
anthropometric, metabolic and instrumental parameters of 
fat and bone.

Materials and methods

Patients

Eighty PWS subjects, 28 children (15 females, mean age 
9.74 ± 3.79 years) and 52 adults (30 females, mean age 
30.6 ± 10.7) were enrolled for this study. Forty-eight subjects 

had interstitial deletion of the proximal long arm of paternal 
chromosome 15 (del15q11-q13) (DEL15), while 32 patients 
had uniparental maternal disomy for chromosome 15 
(UPD15). All PWS children were on rhGH treatment from 
at least 12 months (0.025–0.035 mg/kg/day). Furthermore, 
6 out of the 52 PWS adults displayed growth hormone defi-
ciency, consistent with a growth hormone (GH) response to 
GHRH plus arginine less than 4.2 ng/ml [23], and received 
rhGH therapy (0.23 mg/day). Additionally, 2 males and 10 
females underwent sex steroid replacement treatment.

The controls included 26 children (12 females, mean age 
9.36 ± 2.84 years), referred to the hospital for electrocardio-
graphic screening or minor surgery, and 54 volunteers nor-
mal-weight adults (26 females, mean age 36.5 ± 12.5 years).

Six out of 28 PWS children (21%) and 26 out of 52 PWS 
adults (50%) were on vitamin D supplementation at the time 
of the study [cholecalciferol mean dosage: children 500 UI/
daily (12.5 mcg/daily); adults 800 UI/daily (20 mcg/daily)].

Exclusion criteria for both patients and controls included 
the use of vitamin and mineral supplements, except for vita-
min D, diagnosis of concurrent chronic diseases affecting 
bone metabolism (e.g., Cushing’s syndrome, hypothyroidism 
or hyperthyroidism, anorexia nervosa, celiac disease, etc.), 
the use of medications altering bone turnover, and fractures 
in the 6 months preceding the study. Written informed con-
sent was signed from all the legal guardians, and from the 
patients when applicable. Local institutional review boards 
approved all procedures.

Anthropometric measurements

All patients underwent anthropometric measurements 
(height in cm, weight in kg) and, for the pediatric age, data 
were expressed as standard deviation scores (SDS) [24]. 
Body mass index (BMI) was defined as weight in kilograms 
divided by the square of height in meters. The international 
standards for sex- and age-specific BMI percentiles were 
used for subjects aged 2–18  years [24]. BMI SDS was 
derived from the published Center for Disease Control and 
Prevention (CDC) standards [25]. The BMI cut-off point 
of > 2 SDS was used to define obesity, and between 1.4 and 
2 SDS to define overweight for individuals < 18 years of age. 
Considering adult age, we considered as obese, overweight 
and normal-weight those subjects with a BMI > 30, in the 
range of 25–30 and < 25, respectively. The pubertal stages 
were assessed according to the Tanner criteria [26].

Biochemical measurements

Blood samples were drawn under fasting conditions, cen-
trifuged, and stored at −80 °C until required. Blood glu-
cose, insulin, total cholesterol (TC), high (HDL) and low 
(LDL) density lipoprotein cholesterol, triglycerides (TG), 
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were measured after overnight fasting in all subjects, using 
standard methods. Values of TC, LDL, HDL, and TG were 
considered in the normal range if within the 5th and the 95th 
percentile. Insulin resistance was assessed calculating the 
homeostasis model assessment (HOMA) [27]. Calcium (Ca) 
and phosphorus (P) concentrations were measured by the 
nephelometric method. Serum intact parathyroid hormone 
(PTH) and 25(OH) vitamin D were measured by immuno-
logical tests based on the principle of chemiluminescence 
using commercial kits (Liaison assay; DiaSorin, Stillwa-
ter, Minnesota, USA). Osteocalcin serum concentration 
was measured by enzyme immunoassay (IBL International 
GmbH, Hamburg, Germany). LIGHT levels were measured 
using a commercially available ELISA kit (R&D System srl, 
Minneapolis, MN, USA). For this assay the intra-assay coef-
ficient of variability (CV) was % 4.6, whereas inter-assay CV 
was 4.3%. The minimum detectable dose of human LIGHT 
ranged from 1.2 to 16.5 pg/ml (mean 5.5 pg/ml), whereas the 
maximum levels is 2000 pg/ml. As quality control, we used 
a human LIGHT sample suggested by the kit manufacturer, 
commercially available.

Dual X‑ray absorptiometry (DXA)

Bone mass of the anterior–posterior lumbar spine (L1-L4), 
total body (TB) and total body less head (TBLH) in children 
was measured by DXA using a Hologic QDR Discovery, and 
the APEX-system software version 13.3 (Hologic Bedford, 
MA) with fan beam in array mode. The measurements were 
performed using standard positioning techniques. Qual-
ity control scans were performed daily using a simulated 
L1-L4 lumbar spine phantom. The lumbar spine DXA scan 
were analyzed to generate measures of L1-L4 vertebral areal 
BMD (LS-BMD, g/cm2), bone mineral content (LS-BMC, 
g), spine volumetric BMD (LS-BMAD, g/cm3), lumbar 
spine Z score (LS-BMD Z score, SDS) [28–30]. Bone vari-
ables were normalized for height to avoid any influence of 
growth on bone mass [30]. TB scans were obtained to esti-
mate Fat Mass (FM, g), fat mass percentage (FM%), Fat 
Free Mass (FFM, g) and fat-free mass percentage (FFM%) 
expressed as percentage of TBLH.

Statistical analyses

Sample size calculation is based on LIGHT level detected in 
previous studies on children [16] and adults [17]. A sample 
of 28 children and 52 adults will allow to detect a difference 
in LIGHT levels between PWS and controls with a level of 
significance equal to 0.05 and a study power of 0.8.

We used obese subjects as a reference group because they 
displayed bone impairment similar to PWS subjects, who 
can also be obese.

LIGHT levels, which are not normally distributed, are 
reported as median and interquartile. Other parameters are 
shown both as mean ± standard deviation and median with 
interquartile. The Kolmogorov–Smirnov test was used to 
evaluate the normality of parameter distribution. Mean 
values of parameters with normal distribution were com-
pared using the Student t test, and correlations assessed 
with Pearson's correlation coefficient. Medians of param-
eters with a not normal distribution, were compared using 
the Mann–Whitney test while correlations were evaluated 
with Spearman's coefficient.

With regards to qualitative variables, in adult PWS 
association of rhGH therapy (yes/no/previous) and sex 
steroid therapy (yes/no/previous) were evaluated using 
the Kendall-tau coefficient (τB), whereas in pediatric and 
adult PWS for Vitamin D supplementation (yes/no), the 
correlation was calculated using the Point-Biserial correla-
tion coefficient. Multiple linear regression analyses were 
used to evaluate the strength of association of each clinical 
and biochemical variable and LIGHT levels. In particular, 
for children, weight-SDS, Ca, P, 25 (OH) Vitamin D, and 
LS-Z score were used as independent variable to predict 
LIGHT levels. Differently, for adults, 25 (OH) Vitamin 
D, the different therapies, LS-Z-score, Fat Mass, osteoc-
alcin, TB BMC, LS-BMC, LS-BMD and LS-BMAD were 
assayed to predict the cytokine levels. For the statistical 
analysis, the Statistical Package for the Social Sciences 
(SPSS) for Windows, version 26.0 (SPSS Inc., Chicago, 
IL, USA) was used. The results were considered statisti-
cally significant for p < 0.05.

Results

PWS pediatric population

Table 1 shows the general and biochemical characteristics 
as well as instrumental parameters of fat and bone of PWS 
pediatric population. Median serum LIGHT levels were sig-
nificantly increased in PWS children with respect to controls 
[255.82 (284.43) pg/ml vs 168.11 (76.23) pg/ml, p ≤ 0.02], 
Fig.  1A. LIGHT levels were positively correlated with 
weight-SDS, height-SDS, glucose levels, PTH and Vita-
min D supplementation, and negatively with 25 (OH) vita-
min D, total cholesterol, LDL cholesterol and triglycerides 
(Table 2A). As regard for DXA parameters, LIGHT levels 
were negatively correlated with total BMD, FM (g) and fat-
free mass percentage (FM%) (Table 2A). Multiple linear 
regression analysis for LIGHT serum levels as dependent 
variable demonstrated that weight-SDS, Ca, P, 25(OH)-vita-
min D levels and LS-BMD Z score were the most important 
predictors (Table 3).   
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Table 1  Clinical, biochemical and instrumental characteristics of study population

Pediatric PWS N = 28 Pediatric controls N = 26 Adult PWS N = 52 Adult controls N = 54

Gender (male/female) 11/15 14/12 22/30 28/26
Age (year) 9.74 ± 3.79

11.08 (6.63)
9.36 ± 2.84
9.42 (3.8)

30.6 ± 10.7
39 (16.07)

36.5 ± 12.5
37.00 (19.00)

Tanner (I/II/III/IV/V) 23/3/2/0/0 22/2/2/0/0 0/0/25/25/2 0/0/0/0/54
Height SDS − 0.27 ± 1.54

− 0.75 (2.03)
0.36 ± 1.02
0.45 (1.21)

– –

Weight SDS 1.40 ± 1.38
1.15 (1.86)

0.43 ± 0.87
0.55 (0.93)

– –

BMI 25.38 ± 10.28
27.83 (8.24)

23.00 ± 1.2
23.8 (0.87)

35.4 ± 8.4#

36.30 (12.40)#
24.9 ± 1.9
25.00 (2.5)

BMI SDS 2.03 ± 1.76
1.74 (1.48)

0.25 ± 0.78
0.29 (0.79)

– –

Laboratory parameters
 Total cholesterol (mg/dl) 169.5 ± 34.8

159.87 (45)
150 ± 20.1
139.2 (19.2)

176.5 ± 36.5
182.00 (55)

 LDL-C (mg/dl) 100.0 ± 30.0
94.00 (27)

80.2 ± 21.5
79.2 (19.3)

114.9 ± 33.2
123.00 (43)

 HDL-C (mg/dl) 55.04 ± 10.31
54.00 (21)

58.7 ± 8.9
56.9 (9.1)

49.9 ± 12.5
49.00 (18)

 Triglycerides (mg/dl) 83.76 ± 66.64
64.00 (50)

62.3 ± 18.6
58.9 (15.8)

96.7 ± 39.9
9.50 (40)

 Glucose (mg/dl) 79.29 ± 7.57
78.00 (9)

84.57 ± 10.2
88.11 (10.42)

89.4 ± 22.5
91.00 (18)

 Insulin (mU/l) 9.87 ± 4.37
8.49 (6.71)

9.31 ± 4.0
9.24 (4.0)

10.1 ± 3.9
10.08 (6.31)

 HOMA index 1.96 ± 0.97
1.61 (1.32)

1.69 ± 0.9
1.62 (0.9)

2.31 ± 1.20
2.18 (1.93)

 Osteocalcin (ng/ml) 85.44 ± 24.14*
95.00 (35.04)*

40.1 ± 18.1
37.9 (18.9)

21.76 ± 11.26
19.00 (14.00)

 PTH (pg/ml) 49.51 ± 18.87
43.00 (34)

20.23 ± 2.1
19.3 (6.00)

49.27 ± 17.85
49.40 (34.00)

 Ca (mg/dl) 9.82 ± 0.38
9.80 (0.70)

9.69 ± 0.38
9.65 (0.50)

9.53 ± 0.42
9.50 (0.60)

 P (mg/dl) 4.77 ± 0.60
4.40 (1.00)

4.49 ± 1.38
4.51 (1.39)

3.83 ± 0.44
3.90 (0.70)

 25 (OH) Vitamin D 22.38 ± 7.76
23.20 (7.00)

29.4 ± 11.2
3.90 (0.70)

Fat parameters
 FM (g) 26,562 ± 7296

23,760 (8390)
– 39,940 ± 11,361

42,703 (16,113)
–

 FM (%) 44.30 ± 6.44
41.10 (12.70)

– 48.03 ± 6.23
49.30 (10.20)

–

 FFM (g) 32,311 ± 10,454
28,910 (9360)

– 39,860 ± 6033
41,580 (8971)

–

 FFM (%) 53.41 ± 6.07
55.90 (11.43)

– 50.32 ± 5.94
49.1 (9.56)

–

 FFM/FM 1.24 ± 0.31
1.40 (0.60)

– 1.08 ± 0.27
1.20 (0.40)

Bone parameters
 LS-BMD Z score 0.08 ± 1.1

0.59 (1.50)
– –

 LS-BMD T-score − 1.17 ± 1.06
− 1.13 (1.97)

–

 TBLH BMC gr 1323 ± 283
1352 (379)

2109 ± 287
2742 (795.83)
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PWS adults

Median serum LIGHT levels were significantly increased 
in adult PWS compared with controls [296.85 (895.95) pg/
ml vs 134.18 (141.18) pg/ml, p ≤ 0.001], Fig. 1B. Addition-
ally, in adult PWS LIGHT levels were positively correlated 
with weight, HDL cholesterol and PTH, and negatively with 
glucose, insulin, HOMA-IR, total cholesterol, LDL choles-
terol, triglycerides, Ca, P and 25(OH)Vitamin D (Table 2B). 
LIGHT levels were also negatively related with TB BMC, 
LS-BMC, LS-BMD, LS-BMAD, FM (g), and positively 
with FFM%. Furthermore, LIGHT levels were positively 
correlated with vitamin D supplementation and rhGH ther-
apy, but negatively related to sex hormonal replacement 
therapy. In adult PWS the best predictors for LIGHT lev-
els were 25(OH)-vitamin D levels, sex steroid replacement 
treatment, rhGH therapy, vitamin D supplementation, LS-Z 

score, osteocalcin, TB BMC, LS-BMC, LS-BMD, and LS-
BMAD (Table 3).

Discussion

The present study demonstrated that both pediatric and adult 
PWS patients have higher serum levels of LIGHT compared 
with the controls. We also found interesting correlations 
between the serum levels of this cytokine and anthropomet-
ric parameters, bone markers and instrumental parameters of 
bone and fat quality. Previously, elevated LIGHT levels have 
been measured in some bone diseases, such as rheumatoid 
arthritis [31], osteolytic multiple myeloma [18], and bone 
metastatic non-small cell lung cancer (NSCLC) [20]. Fur-
thermore, higher LIGHT levels have been reported in obese 
adults and children than controls [16, 17]. Consistently with 

Table 1  (continued)

Pediatric PWS N = 28 Pediatric controls N = 26 Adult PWS N = 52 Adult controls N = 54

 TBLH BMD (g/cm2) 0.91 ± 0.09
0.90 (0.073)

1.14 ± 0.08
1.32 (0.28)

 LS-BMC (gr) 29.39 ± 10.10
30.76 (8.97)

52.40 ± 9.53
68.13 (12.81)

 LS-BMD (g/cm2) 0.71 ± 0.12
0.70 (0.151)

1.06 ± 0.14
1.07 (0.077)

 LS-BMAD (g/cm3) 0.14 ± 0.02
0.14 (0.03)

0.19 ± 0.03
0.17 (0.001)

PWS Prader–Willi syndrome, SDS standard deviation score, BMI body mass index, LDL-C low-density lipoprotein cholesterol, HDL-C high-
density lipoprotein cholesterol, HOMA index homeostasis model assessment index, PTH parathyroid hormone, Ca calcium, P phosphorus, LS- 
lumbar spine, TBLH total body less head, BMD bone mineral density, BMAD bone mineral apparent density, BMD-Ht height adjusted
*p < 0.05 pediatric PWS respect to pediatric controls
# p < 0.05 adult PWS respect to adult controls
Italic font reported data calculated as median and interquartiles

Fig. 1  High levels of LIGHT in PWS patients. Median serum 
LIGHT levels are significantly increased in pediatric PWS (A) with 
respect to controls [255.82 (284.43) pg/ml vs 168.11 (76.23) pg/ml, 

p ≤ 0.02] as well as in adult PWS (B) compared with controls [296.85 
(895.95) pg/ml vs 134.18 (141.18) pg/ml, p ≤ 0.001]
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the role of this cytokine in obesity, our results showed that 
LIGHT levels positively correlated with the weight-SDS in 
children and weight in adults, as well as with lipid metabo-
lism in both the population. Using in vivo models, different 
studies tried to deepen the role of LIGHT in fat homeostasis. 
In detail, it has been reported that LIGHT decreases beige 
fat biogenesis [32] and it has a key role in the inflammatory 
responses of adipose tissue by increasing macrophage/T-cell 

infiltration and inflammatory cytokine expression [33]. Fur-
thermore, by means of in vivo models mimicking obesity 
it has been found that high-fat diet (HFD) fed wild-type 
mice displayed high circulating levels of serum LIGHT, 
produced by liver and white adipose tissue. Interestingly, 
Tnfsf14 deficient mice showed increased obesity, hepatostea-
tosis, insulin resistance, glucose intolerance, and mitochon-
drial dysfunction respect to wild-type mice on a HFD [34]. 
Additionally, in mice under high-fat high-cholesterol diet, 
Tnfsf14 deficiency ameliorated glucose tolerance and insulin 
sensitivity, and it is also associated to decreased systemic 
inflammation and adipose tissue cytokine secretion [35]. 
Consistently with these literature data, our results showed 
the correlation of LIGHT levels with parameters of glucose 
homeostasis. Interestingly, we found an inverse correlation 
between LIGHT and glucose levels in adults. Literature data 
reported that PWS patients displayed a protected glucose 
metabolism, mainly if compared with obese controls [36]. 
A possible explanation of this finding has been related to 
the preferential accumulation of fat in PWS as subcutaneous 
adipose tissue [37], and larger amounts of this tissue can 
help to prevent fatty-acid induced insulin resistance [36]. 
Consistently, greater thigh subcutaneous fat mass may be 
related with better glucose metabolism in PWS subjects.

Additionally, the levels of this cytokine were inversely 
correlated with 25 (OH) vitamin D levels, suggesting the 

Table 2  A Correlation between LIGHT and other parameters for 
PWS children; B Correlation between LIGHT and other parameters 
for PWS adults

*Kendall-tau coefficient (τB)

LIGHT

A Correlation between LIGHT and other parameters for PWS 
children

 Weight SDS 0.222, p < 0.008
 Height SDS 0.458, p < 0.0001
 Glucose 0.179, p < 0.036
 Total Cholesterol − 0.501, p < 0.0001
 LDL-C − 0.296, p < 0.001
 Triglycerides − 0.253, p < 0.002
 25(OH)Vitamin D − 0.272, p < 0.001
 PTH 0.339, p < 0.001
 Vitamin D supplementation 0.347, p < 0.002*
 Total BMD − 0.733, p < 0.0001
 FM (g) − 0.733, p < 0.0001
 FM (%) − 0.622, p < 0.0001
 FFM (g) 0.422, p < 0.025

B Correlation between LIGHT and other parameters for PWS adults
 Glucose − 0.522, p < 0.0001
 Insulin − 0.257; p < 0.001
 HOMA-IR − 0.314; p < 0.0001
 Total Cholesterol − 0.164, p < 0.0001
 LDL-C − 0.271, p < 0.0001
 HDL-C 0.084, p < 0.002
 Triglycerides − 0.270, p < 0.0001
 Ca − 0.199, p < 0.0001
 P − 0.163, p < 0.0001
 25 (OH) Vitamin D − 0.207, p < 0.0001
 PTH 0.091, p < 0.001
 Vitamin D supplementation 0.276, p < 0.0001
 rhGH therapy 0.172; p < 0.0001*
 Sex steroid therapy − 0.293, p < 0.0001*
 LS-Z score − 0.115; p < 0.0001
 TB BMC − 0.105, p < 0.0001
 LS-BMC − 0.242, p < 0.0001
 LS-BMD − 0.294, p < 0.0001
 LS-BMAD − 0.234, p < 0.0001
 FM (g) − 0.195; p < 0.0001
 FM (%) − 0.224; p < 0.0001
 FFM (%) 0.220; p < 0.0001

Table 3  Multiple linear regression analysis for LIGHT in pediatric 
and adult PWS

Dependent variable Independent variable β p r

Model 1 (children)
 LIGHT 0.0001 0.955

Weight SDS − 0.289 0.0001
Ca 0.717 0.0001
P 2.2 0.0001
25 (OH) Vitamin D − 1.776 0.199
LS-Z-score 0.147 0.318

Model 2 (adults)
 LIGHT 0.0001 0.779

25 (OH) Vitamin D − 0.078 0.006
Sex steroid replace-

ment treatment
− 0.189 0.0001

GH Therapy 0.561 0.0001
Vitamin D Therapy 0.201 0.0001
LS-Z-score 0.144 0.005
Fat Mass (FM) 0.222 0.0001
Osteocalcin 0.320 0.0001
TB BMC 0.172 0.0001
LS BMC 1.383 0.021
LS BMD − 5.204 0.0001
L-BMAD 4.021 0.0001
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key role of vitamin D supplementation in these patients, as 
supported by the positive association that we found between 
LIGHT levels and Vitamin D supplementation. This repre-
sents an important issue due to the key role of Vitamin D on 
bone homeostasis and further sustained by findings in our 
previous report on PWS patients. In detail, we demonstrated 
that the irisin levels, an osteoanabolic myokine able to affect 
fat homeostasis, were reduced in PWS patients who were not 
supplemented with vitamin D [13].

Interestingly, in adult PWS subjects we observed a direct 
association between LIGHT and GH-therapy, whereas an 
inverse association between LIGHT levels and sex hormo-
nal replacement treatment, thus sustaining the important 
role of GH and sexual steroid for bone health. As regard the 
instrumental bone parameters, LIGHT levels were inversely 
related with total BMD in pediatric PWS, whereas in adult 
PWS LIGHT levels were negatively related with LS-Z score, 
TB BMC, LS-BMC, LS-BMD and LS-BMAD. These instru-
mental results agree with the high levels of the cytokine in 
bone diseases. Similarly, previously we demonstrated the 
negative correlation of pro-resorptive cytokine RANKL with 
BMD [5]. In support of these data, previously we found that 
the increase of LIGHT levels is associated with an enhanced 
pro-osteoclastogenic capability in vitro [16, 18] as well as 
an increased percentage of circulating precursors [18] com-
pared with the controls. In particular, in different diseases 
an enhancement of the pro-resorptive osteoclast number/
activity is associated to altered BMD.

Furthermore, we also found that LIGHT serum levels 
were inversely related to FM (g), directly related with FFM 
(g) both in children and adults. This finding may be linked 
with the unusual body composition of PWS subjects, dis-
playing low visceral adipose tissue and decreased muscle 
mass [37].

The strength of the study is that the enrollment and exam-
ination of patients were performed by a well trained and 
experienced teams from PWS centers of third level. A limi-
tation is the multicenter recruitment of our subjects, which 
makes the interpretation of the data less reliable than those 
obtained in a single center. However, DXA instrument was 
identical in all centers and the assays used for biochemical 
measurements were the same in all laboratories. These latter 
belong to the Italian National Health System and are cer-
tified according to International Standards ISO 9001:2015 
(www. iso90 01. com), undergoing semi-annual periodic 
quality controls and inter-laboratory comparisons. Lastly, 
LIGHT level measurement was centralized. As additional 
limitation, it is important to underline that this is a cross-
sectional observational study that informs us about possible 
associations/correlations and not causality.

Our study has both clinical and research implications. 
Regarding the clinical implications, the increased LIGHT 
levels could represent a hallmark of altered bone and fat 

homeostasis in PWS patients. Thus, the monitoring of the 
levels of this cytokine can help to have an overview of the 
health status of the patients, and consequently to quickly 
act to cure it. About the research implications, the findings 
of this paper are added to other literature data to sustain the 
role of LIGHT in bone and/or fat diseases, and thus the role 
of this cytokine in the regulation of bone/fat homeostasis. 
Therefore, both clinical and research implications high-
lighted that LIGHT could represent a good pharmacological 
target to improve bone/fat homeostasis thus counteracting 
obesity and bone disease in PWS subjects.

In conclusion, to the best of our knowledge this is the first 
study assessing LIGHT levels in PWS subjects. Overall, our 
results highlighted the elevated serum levels of LIGHT in 
pediatric and adult PWS patients, and its relationship with 
fat and bone impairment. Thus, LIGHT clinically may rep-
resent a marker of bone diseases, including PWS, and as 
advance for the research can further press on the develop-
ment of molecules that may neutralize it in vivo.

Funding Open access funding provided by Università degli Studi di 
Bari Aldo Moro within the CRUI-CARE Agreement. This study did 
not receive any specific fund or grant.

Data availability The datasets generated and analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval The clinical investigations were in accordance with 
the ethical standards of the Helsinki Declaration.

Informed consent Written informed consent was obtained from the 
subjects before any clinical procedures.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Vestergaard P, Kristensen K, Bruun JM, Ostergaard JR, Heicken-
dorff L, Mosekilde L, Richelsen B (2004) Reduced bone mineral 

http://www.iso9001.com
http://creativecommons.org/licenses/by/4.0/


1908 Journal of Endocrinological Investigation (2023) 46:1901–1909

1 3

density and increased bone turnover in Prader-Willi syndrome 
compared with controls matched for sex and body mass index–a 
cross-sectional study. J Pediatr 144:614–619. https:// doi. org/ 10. 
1016/j. jpeds. 2004. 01. 056

 2. Angulo MA, Butler MG, Cataletto ME (2015) Prader-Willi syn-
drome: a review of clinical, genetic, and endocrine findings. 
J Endocrinol Invest 38:1249–1263. https:// doi. org/ 10. 1007/ 
s40618- 015- 0312-9

 3. Butler MG, Haber L, Mernaugh R, Carlson MG, Price R, Feurer 
ID (2001) Decreased bone mineral density in Prader-Willi 
syndrome: comparison with obese subjects. Am J Med Genet 
103:216–222

 4. Hoybye C, Hilding A, Jacobsson H, Thoren M (2002) Meta-
bolic profile and body composition in adults with Prader-Willi 
syndrome and severe obesity. J Clin Endocrinol Metab 87:3590–
3597. https:// doi. org/ 10. 1210/ jcem. 87.8. 8735

 5. Brunetti G, Grugni G, Piacente L, Delvecchio M, Ventura A, 
Giordano P, Grano M, D’Amato G, Laforgia D, Crino A, Faienza 
MF (2018) Analysis of circulating mediators of bone remodeling 
in Prader-Willi syndrome. Calcif Tissue Int 102:635–643. https:// 
doi. org/ 10. 1007/ s00223- 017- 0376-y

 6. van Nieuwpoort IC, Twisk JWR, Curfs LMG, Lips P, Drent ML 
(2018) Body composition, adipokines, bone mineral density and 
bone remodeling markers in relation to IGF-1 levels in adults with 
Prader-Willi syndrome. Int J Pediatr Endocrinol 2018:1. https:// 
doi. org/ 10. 1186/ s13633- 018- 0055-4

 7. Bakker NE, Kuppens RJ, Siemensma EP, Van van Wijngaarden 
RFTL, Festen DA, Bindels-de Heus GC, Bocca G, Haring DA, 
Hoorweg-Nijman JJ, Houdijk EC, Jira PE, Lunshof L, Odink RJ, 
Oostdijk W, Rotteveel J, Schroor EJ, Van Alfen AA, Van Leeu-
wen M, Van Pinxteren-Nagler E, Van Wieringen H, Vreuls RC, 
Zwaveling-Soonawala N, de Ridder MA, Hokken-Koelega AC 
(2013) Eight years of growth hormone treatment in children with 
Prader-Willi syndrome: maintaining the positive effects. J Clin 
Endocrinol Metab 98:4013–4022. https:// doi. org/ 10. 1210/ jc. 
2013- 2012

 8. Marzullo P, Mele C, Minocci A, Mai S, Scacchi M, Sartorio A, 
Aimaretti G, Grugni G (2020) Fat-free mass is better related to 
serum uric acid than metabolic homeostasis in Prader-Willi syn-
drome. Nutrients. https:// doi. org/ 10. 3390/ nu120 92583

 9. Butler MG, Theodoro MF, Bittel DC, Donnelly JE (2007) Energy 
expenditure and physical activity in Prader-Willi syndrome: com-
parison with obese subjects. Am J Med Genet A 143A:449–459

 10. Kawai M, Etani Y, Ida S (2022) Subcutaneous adipose tissue 
is a positive predictor for bone mineral density in prepubertal 
children with Prader-Willi syndrome independent of lean mass. 
J Pediatr Endocrinol Metab 35:603–609. https:// doi. org/ 10. 1515/ 
jpem- 2021- 0749

 11. Colaianni G, Cuscito C, Mongelli T, Pignataro P, Buccoliero C, 
Liu P, Lu P, Sartini L, Di Comite M, Mori G, Di Benedetto A, 
Brunetti G, Yuen T, Sun L, Reseland JE, Colucci S, New MI, 
Zaidi M, Cinti S, Grano M (2015) The myokine irisin increases 
cortical bone mass. Proc Natl Acad Sci USA 112:12157–12162. 
https:// doi. org/ 10. 1073/ pnas. 15166 22112

 12. Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, Ras-
bach KA, Bostrom EA, Choi JH, Long JZ, Kajimura S, Zingaretti 
MC, Vind BF, Tu H, Cinti S, Hojlund K, Gygi SP, Spiegelman 
BM (2012) A PGC1-alpha-dependent myokine that drives brown-
fat-like development of white fat and thermogenesis. Nature 
481:463–468. https:// doi. org/ 10. 1038/ natur e10777

 13. Faienza MF, Brunetti G, Grugni G, Fintini D, Convertino A, Pig-
nataro P, Crino A, Colucci S, Grano M (2021) The genetic back-
ground and vitamin D supplementation can affect irisin levels in 
Prader-Willi syndrome. J Endocrinol Invest 44:2261–2271. https:// 
doi. org/ 10. 1007/ s40618- 021- 01533-4

 14. Lee YS, Wollam J, Olefsky JM (2018) An integrated view of 
immunometabolism. Cell 172:22–40. https:// doi. org/ 10. 1016/j. 
cell. 2017. 12. 025

 15. Brunetti G, Faienza MF, Colaianni G, Gigante I, Oranger A, Pig-
nataro P, Ingravallo G, Di Benedetto A, Bortolotti S, Di Comite 
M, Storlino G, Lippo L, Ward-Kavanagh L, Mori G, Reseland 
JE, Passeri G, Schipani E, Tamada K, Ware CF, Colucci S, Grano 
M (2018) Impairment of bone remodeling in LIGHT/TNFSF14-
deficient mice. J Bone Miner Res 33:704–719. https:// doi. org/ 10. 
1002/ jbmr. 3345

 16. Brunetti G, Faienza MF, Piacente L, Storlino G, Oranger A, 
D’Amato G, De Filippo G, Colucci S, Grano M (2020) Shedding 
“LIGHT” on the link between bone and fat in obese children and 
adolescents. Int J Mol Sci. https:// doi. org/ 10. 3390/ ijms2 11347 39

 17. Dandona P, Ghanim H, Monte SV, Caruana JA, Green K, Abuay-
sheh S, Lohano T, Schentag J, Dhindsa S, Chaudhuri A (2014) 
Increase in the mediators of asthma in obesity and obesity with 
type 2 diabetes: reduction with weight loss. Obesity (Silver 
Spring) 22:356–362. https:// doi. org/ 10. 1002/ oby. 20524

 18. Brunetti G, Rizzi R, Storlino G, Bortolotti S, Colaianni G, Sanesi 
L, Lippo L, Faienza MF, Mestice A, Curci P, Specchia G, Grano 
M, Colucci S (2018) LIGHT/TNFSF14 as a new biomarker of 
bone disease in multiple myeloma patients experiencing thera-
peutic regimens. Front Immunol 9:2459. https:// doi. org/ 10. 3389/ 
fimmu. 2018. 02459

 19. Brunetti G, Storlino G, Oranger A, Colaianni G, Faienza MF, 
Ingravallo G, Di Comite M, Reseland JE, Celi M, Tarantino 
U, Passeri G, Ware CF, Grano M, Colucci S (2020) LIGHT/
TNFSF14 regulates estrogen deficiency-induced bone loss. J 
Pathol 250:440–451. https:// doi. org/ 10. 1002/ path. 5385

 20. Brunetti G, Belisario DC, Bortolotti S, Storlino G, Colaianni G, 
Faienza MF, Sanesi L, Alliod V, Buffoni L, Centini E, Voena C, 
Pulito R, Novello S, Ingravallo G, Rizzi R, Mori G, Reseland 
JE, Ware CF, Colucci S, Ferracini R, Grano M, Roato I (2020) 
LIGHT/TNFSF14 promotes osteolytic bone metastases in non-
small cell lung cancer patients. J Bone Miner Res 35:671–680. 
https:// doi. org/ 10. 1002/ jbmr. 3942

 21. Liu C, Ding H, Zhu W, Jiang S, Xu J, Zou GM (2013) LIGHT 
regulates the adipogenic differentiation of mesenchymal stem 
cells. J Cell Biochem 114:346–353. https:// doi. org/ 10. 1002/ jcb. 
24369

 22. Tiller G, Laumen H, Fischer-Posovszky P, Finck A, Skurk T, 
Keuper M, Brinkmann U, Wabitsch M, Link D, Hauner H (2011) 
LIGHT (TNFSF14) inhibits adipose differentiation without affect-
ing adipocyte metabolism. Int J Obes (Lond) 35:208–216. https:// 
doi. org/ 10. 1038/ ijo. 2010. 126

 23. Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce 
CG, Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, 
Camanni F, Aimaretti G (2005) The cut-off limits of the GH 
response to GH-releasing hormone-arginine test related to body 
mass index. Eur J Endocrinol 153:257–264. https:// doi. org/ 10. 
1530/ eje.1. 01967

 24. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing 
a standard definition for child overweight and obesity worldwide: 
international survey. BMJ 320:1240–1243. https:// doi. org/ 10. 
1136/ bmj. 320. 7244. 1240

 25. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, 
Guo SS, Wei R, Mei Z, Curtin LR, Roche AF, Johnson CL (2000) 
CDC growth charts: United States. Adv Data 314:1–27

 26. Tanner JM, Whitehouse RH (1976) Clinical longitudinal standards 
for height, weight, height velocity, weight velocity, and stages of 
puberty. Arch Dis Child 51:170–179. https:// doi. org/ 10. 1136/ adc. 
51.3. 170

 27. Cutfield WS, Jefferies CA, Jackson WE, Robinson EM, Hofman 
PL (2003) Evaluation of HOMA and QUICKI as measures of 

https://doi.org/10.1016/j.jpeds.2004.01.056
https://doi.org/10.1016/j.jpeds.2004.01.056
https://doi.org/10.1007/s40618-015-0312-9
https://doi.org/10.1007/s40618-015-0312-9
https://doi.org/10.1210/jcem.87.8.8735
https://doi.org/10.1007/s00223-017-0376-y
https://doi.org/10.1007/s00223-017-0376-y
https://doi.org/10.1186/s13633-018-0055-4
https://doi.org/10.1186/s13633-018-0055-4
https://doi.org/10.1210/jc.2013-2012
https://doi.org/10.1210/jc.2013-2012
https://doi.org/10.3390/nu12092583
https://doi.org/10.1515/jpem-2021-0749
https://doi.org/10.1515/jpem-2021-0749
https://doi.org/10.1073/pnas.1516622112
https://doi.org/10.1038/nature10777
https://doi.org/10.1007/s40618-021-01533-4
https://doi.org/10.1007/s40618-021-01533-4
https://doi.org/10.1016/j.cell.2017.12.025
https://doi.org/10.1016/j.cell.2017.12.025
https://doi.org/10.1002/jbmr.3345
https://doi.org/10.1002/jbmr.3345
https://doi.org/10.3390/ijms21134739
https://doi.org/10.1002/oby.20524
https://doi.org/10.3389/fimmu.2018.02459
https://doi.org/10.3389/fimmu.2018.02459
https://doi.org/10.1002/path.5385
https://doi.org/10.1002/jbmr.3942
https://doi.org/10.1002/jcb.24369
https://doi.org/10.1002/jcb.24369
https://doi.org/10.1038/ijo.2010.126
https://doi.org/10.1038/ijo.2010.126
https://doi.org/10.1530/eje.1.01967
https://doi.org/10.1530/eje.1.01967
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1136/adc.51.3.170


1909Journal of Endocrinological Investigation (2023) 46:1901–1909 

1 3

insulin sensitivity in prepubertal children. Pediatr Diabetes 4:119–
125. https:// doi. org/ 10. 1034/j. 1399- 5448. 2003. t01-1- 00022.x

 28. Carter DR, Bouxsein ML, Marcus R (1992) New approaches for 
interpreting projected bone densitometry data. J Bone Miner Res 
7:137–145. https:// doi. org/ 10. 1002/ jbmr. 56500 70204

 29. Team AS, Crabtree NJ, Shaw NJ, Bishop NJ, Adams JE, Mughal 
MZ, Arundel P, Fewtrell MS, Ahmed SF, Treadgold LA, Hogler 
W, Bebbington NA, Ward KA (2017) Amalgamated reference 
data for size-adjusted bone densitometry measurements in 3598 
children and young adults-the ALPHABET Study. J Bone Miner 
Res 32:172–180. https:// doi. org/ 10. 1002/ jbmr. 2935

 30. Fintini D, Brufani C, Grossi A, Ubertini G, Fiori R, Pecorelli L, 
Calzolari A, Cappa M (2011) Gender differences in bone mineral 
density in obese children during pubertal development. J Endo-
crinol Invest 34:e86-91. https:// doi. org/ 10. 1007/ BF033 47097

 31. Edwards JR, Sun SG, Locklin R, Shipman CM, Adamopoulos IE, 
Athanasou NA, Sabokbar A (2006) LIGHT (TNFSF14), a novel 
mediator of bone resorption, is elevated in rheumatoid arthritis. 
Arthritis Rheum 54:1451–1462. https:// doi. org/ 10. 1002/ art. 21821

 32. Kou Y, Liu Q, Liu W, Sun H, Liang M, Kong F, Zhang B, Wei 
Y, Liu Z, Wang Y (2019) LIGHT/TNFSF14 signaling attenuates 
beige fat biogenesis. FASEB J 33:1595–1604. https:// doi. org/ 10. 
1096/ fj. 20180 0792R

 33. Kim HM, Jeong CS, Choi HS, Kawada T, Yu R (2011) LIGHT/
TNFSF14 enhances adipose tissue inflammatory responses 
through its interaction with HVEM. FEBS Lett 585:579–584. 
https:// doi. org/ 10. 1016/j. febsl et. 2011. 01. 011

 34. Saunders BM, Rudnicka C, Filipovska A, Davies S, Ward N, Hri-
cova J, Schlaich MP, Matthews VB (2018) Shining light on the 
metabolic role of the cytokine TNFSF14 and the implications on 
hepatic IL-6 production. Immunol Cell Biol 96:41–53. https:// doi. 
org/ 10. 1111/ imcb. 1002

 35. Herrero-Cervera A, Vinue A, Burks DJ, Gonzalez-Navarro H 
(2019) Genetic inactivation of the LIGHT (TNFSF14) cytokine 
in mice restores glucose homeostasis and diminishes hepatic 
steatosis. Diabetologia 62:2143–2157. https:// doi. org/ 10. 1007/ 
s00125- 019- 4962-6

 36. Qian Y, Xia F, Zuo Y, Zhong M, Yang L, Jiang Y, Zou C (2022) 
Do patients with Prader-Willi syndrome have favorable glucose 
metabolism? Orphanet J Rare Dis 17:187. https:// doi. org/ 10. 1186/ 
s13023- 022- 02344-3

 37. Crino A, Fintini D, Bocchini S, Grugni G (2018) Obesity manage-
ment in Prader-Willi syndrome: current perspectives. Diabetes 
Metab Syndr Obes 11:579–593. https:// doi. org/ 10. 2147/ DMSO. 
S1413 52

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1034/j.1399-5448.2003.t01-1-00022.x
https://doi.org/10.1002/jbmr.5650070204
https://doi.org/10.1002/jbmr.2935
https://doi.org/10.1007/BF03347097
https://doi.org/10.1002/art.21821
https://doi.org/10.1096/fj.201800792R
https://doi.org/10.1096/fj.201800792R
https://doi.org/10.1016/j.febslet.2011.01.011
https://doi.org/10.1111/imcb.1002
https://doi.org/10.1111/imcb.1002
https://doi.org/10.1007/s00125-019-4962-6
https://doi.org/10.1007/s00125-019-4962-6
https://doi.org/10.1186/s13023-022-02344-3
https://doi.org/10.1186/s13023-022-02344-3
https://doi.org/10.2147/DMSO.S141352
https://doi.org/10.2147/DMSO.S141352

	High levels of LIGHTTNFSF14 in patients with Prader–Willi syndrome
	Abstract
	Purposemethods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Anthropometric measurements
	Biochemical measurements
	Dual X-ray absorptiometry (DXA)
	Statistical analyses

	Results
	PWS pediatric population
	PWS adults

	Discussion
	References




