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Context: Spexin is a newly identified neuropeptide that is involved in satiety control, glucose, and lipids
metabolism. It has also been related to human diseases, such as obesity and type 2 diabetes. However,
whether spexin changes with age or not is still unclear.

Objective: The aim of this study is to investigate the relationship between circulating spexin levels and
age and to study their interaction effects on body mass index (BMI), fasting glucose, and -lipids.

Design and Participants: This is a cross-sectional study, including 68 healthy adult women whose
ages are in a wide range (minimum: 23; median: 38.5; maximum: 64).

Outcome Measures: The serum spexin levels were measured by an enzyme-linked immunosorbent
assay. Fasting glucose, total cholesterol, triglycerides (TG), alkaline phosphatase, alanine amino-
transferase, aspartate aminotransferase, urea, and creatinine were measured by routine biochemical
test. Shapiro-Wilk’s test, Spearman and Pearson correlation analyses, x? test, and two-way analysis of
variance were used to interpret the data.

Results: Serum spexin levels are significantly correlated with age (Spearman r = —0.277, P = 0.022),
BMI (Spearman r = —0.445, P < 0.001), fasting glucose (Spearman r = —0.302, P = 0.014), and TG
(Spearman r = —0.324, P = 0.008). Spexin levels independently predict the risk of high BMI and high
fasting glucose. No interaction effects of spexin and age on BMI and fasting glucose were found.

Conclusions: Circulating spexin levels decrease with age, suggesting a possible role of this peptide in
aging-related functions and disorders. Further investigations are needed to expand the clinical sig-
nificance of this finding.

Copyright © 2018 Endocrine Society

This article has been published under the terms of the Creative Commons Attribution Non-
Commercial, No-Derivatives License (CC BY-NC-ND; https://creativecommons.org/licenses/
by-nc-nd/4.0/).

Freeform/Key Words: age, body mass index, fasting glucose, healthy adult women, spexin,
triglycerides

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANOVA, analysis of variance; AST, aspartate amino-
transferase; BMI, body mass index; CVD, cardiovascular disease; DIO, diet-induced obesity; GALR2/3, galanin receptor 2/3; IQR,
interquartile range; Q, quantile; T, tertile; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides.

Received 19 January 2018
Accepted 29 March 2018 May 2018 | Vol. 2, Iss. 5
First Published Online 3 April 2018 doi: 10.1210/js.2018-00020 | Journal of the Endocrine Society | 409—419


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1210/js.2018-00020

410 | Journal of the Endocrine Society | doi: 10.1210/js.2018-00020

Spexin is a newly identified neuropeptide that was discovered by bioinformatics approaches
[1, 2]. The cognate receptors of spexin and galanin receptors 2 and 3 (GALR2 and 3) were
discovered in 2014 [3]. Expressed centrally and peripherally [4—7], spexin has been implicated
in the regulation of satiety/food intake [8-12], gastrointestinal motility [1, 13], energy
metabolism [12], and glucose/lipid metabolism [7]. It has also been suggested as a role in the
control of adrenocortical cell proliferation [5], cardiovascular and renal function [14], en-
docrine [15], nociception [14, 16], and reproduction [15]. Spexin has been related to a number
of human disorders, including obesity [17-22], type 2 diabetes mellitus (T2DM) [7, 19], fatty
liver disease [19, 23], constipation [13], anxiety [24, 25], and depression [26].

Although a number of animal studies have been performed to investigate the biological
functions of spexin in fish and rodents, the clinical significances of this neuropeptide,
however, are still largely unknown. In 2014, Walewski et al. [17] reported that Ch120rf39,
gene-encoding spexin, was remarkably downregulated (14.9-fold) in adult obese patient fat
compared with the healthy human samples. In parallel, the circulating spexin levels were also
decreased in obese human subjects and negatively correlated with the circulating leptin levels
(Non-linear, r = —0.797) [17]. Walewski et al. [17] also demonstrated that daily spexin
treatment led to reduced food intake and body weight loss in diet-induced obesity (DIO) mice/
rats, possibly through inhibiting the long-chain fatty acid uptake into the adipocytes. This
study suggested that spexin is an adipocyte-secreted, body-weight control factor. Approxi-
mately 1 year later, Gu et al. [7] found that serum spexin levels were significantly reduced in
T2DM patients and correlated with blood glucose (Pearson r = —0.686) and triglycerides (TG;
Pearson r = —0.236), indicating that spexin may also play a role in glucose and lipid
metabolism. Subsequent to these pioneering works, Kumar et al. [18] reported that compared
with the normal-weight subjects, circulating spexin levels were significantly reduced in obese
children but did not correlate with blood glucose, insulin, or other adipokines. Strict reverse
association between body mass index (BMI) and serum spexin levels were observed [18]. The
same group also suggested that spexin could play a role in regulating satiety and some
cardiovascular risk factors in obese children [21]. Controversially, the proposed role of spexin
in childhood obesity was questioned by another group, who found that spexin did not correlate
with any of the body composition, fitness, or blood measurements [20]. Very recently,
Kolodziejskii et al. [22] confirmed that serum spexin levels were reduced in obese women and
negatively correlated with BMI and insulin. They also found that spexin negatively correlated
with glucagon and active ghrelin and positively correlated with obestatin, glucagon-like
peptide-1, adiponectin, and orexin A [22].

To date, five groups worldwide have independently explored the role of spexin as metabolic
regulator of body weight/glucose in obese adult/children or T2DM patients, and four of them
have suggested that spexin could play an important role in obesity and T2DM. As both of these
two diseases are associated with age [27, 28], we wondered if spexin would change with age or
not. To that end, we collected blood samples from 68 healthy adult women of which ageisin a
relatively wide range (from 18 to 65). Very interestingly, we found that the circulating spexin
levels were negatively correlated with age (Spearman r = —0.277, P = 0.022). The main and
interaction effects of age and spexin on the BMI, fasting glucose, and lipids of subjects were
also investigated.

1. Methods
A. Healthy Subjects and Serum Samples

Sixty-eight healthy women were recruited in the Clinical Division at the School of Chinese
Medicine, Hong Kong Baptist University, Hong Kong, China. The recruiting criteria for a
healthy population include inclusion criteria: (1) age of 18 to 65 years (inclusive); (2) no
medical history of metabolic disorders, cardiovascular diseases (CVDs), neurodegenerative
diseases, and gastrointestinal diseases; (3) normal hepatic, renal, and bowel functions within
3 years; (4) no drug-taking history for chronic diseases, metabolic diseases, CVD, and
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cerebrovascular diseases, psychiatric illness, disease of the immune system, and other serious
diseases within 1 year; and (5) written, informed consent; and exclusion criteria: (1) preg-
nancy or breast-feeding; (2) surgical histories of gallbladder removal, gastrointestinal tract,
and cerebral cranium; and (3) use of medications known to influence gastrointestinal transit,
blood pressure, and fat. This study was approved by the Hong Kong Baptist University Ethics
Committee on the Use of Human Subjects for Teaching and Research (approval no. HASC/16-
17/0027). All participants signed an informed consent form for the project.

B. Biochemical Measurement

Several biochemical indexes, including fasting glucose, total cholesterol (TC), TG, alkaline
phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
urea, and creatinine, were tested at Chan & Hou Medical Laboratories (Hong Kong, China).
Serum spexin levels were measured by using the enzyme-linked immunosorbent assay kit
(cat. no. EK-023-81 CE; Research Resource Identifier: AB_2722531; Phoenix Pharmaceuti-
cals, Belmont, CA).

C. Statistical Analysis

Descriptive statistics of all clinical characteristics and serum spexin levels were calculated with
all subjects. Shapiro-Wilk’s test was performed to validate the normality of all variables. Since
the distributions of most variables were significantly different from normal distribution (Sup-
plemental Fig. S1 and Supplemental Table S1), continuous variables were summarized by
median [interquartile range IQR)]. The Spearman ranking correlations and Pearson correlation
analyses were performed for age/spexin and remaining variables. Ordinal groups of spexin were
formed based on tertiles, whereas the ordinal groups of age, BMI, fasting glucose, and TG were
formed by using median, tertiles, and quantiles. The y” test was used to probe the statistical
significance over these categorical variables. We also performed two-way analysis of variance
(ANOVA) analysis to test the main and interaction effects of age and spexin on variables in-
cluding BMI, fasting glucose, and TG. All statistical tests were two tailed, and the level of
significance was set to P = 0.05. Software packages R 3.1.2 (https://www.r-project.org/), Prism 6
(GraphPad Software, La Jolla, CA), and SPSS 19 (IBM, Armonk, NY) were used for all analysis.

2. Results
A. Clinical Characteristics of Study Subjects

Demographics, clinical characteristics, and spexin concentration of the participants were
analyzed and summarized in Table 1. The median and IQR age of the recruited female
population was 38.5 (30.0 to 48.0) years, with median spexin concentration 0.195 (0.177 to
0.219) ng/mL. In this case, the median BMI and fasting glucose level were 20.570 (18.695 to
22.209) kg/m? and 4.50 (4.225 to 4.775) mM, respectively. The median and IQR TC was 4.875
(4.360 to 5.580) mM, with median TG level at 0.750 (0.613 to 0.995) mM. All the other
characteristics were within physical examination health range.

B. Correlation Analysis Between Age/Spexin and Other Characteristics

Spearman’s ranking correlation analyses were performed in the included female subjects.
Significant positive correlations were observed between age and BMI (Spearman r = 0.366,
P=0.003), fasting glucose (Spearman r =0.304, P=0.013), TC (Spearman r=0.401, P < 0.001),
TG (Spearman r =0.366, P=0.003), ALP (Spearman r =0.423, P < 0.001), ALT (Spearman r =
0.539, P < 0.001), AST (Spearman r = 0.545, P < 0.001), and urea (Spearman r = 0.398, P <
0.001). In contrast, negative correlation was found between age and spexin concentration
(Spearman r=—0.277, P=0.022; Table 2). The spexin levels decrease slowly with age, and the
slope is approximately —1.3 pg - mL ™'y (95% confidence interval: —2.5 to —0.03 pg - mL ™~ '/y).
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Table 1. Characteristics of Study Subjects

Characteristics Median Q1 Q3

Age,y 38.500 30.000 48.000
Spexin, ng/mL 0.195 0.177 0.219
BMI, kg/m? 20.570 18.695 22.209
Glucose, mM 4.500 4.225 4.775
TC, mM 4.875 4.360 5.580
TG, mM 0.750 0.613 0.995
ALP, U/L 58.500 52.000 71.000
ALT, U/L 14.000 10.000 18.000
AST, U/L 22.500 20.000 26.000
Urea, mM 4.100 3.500 5.075
Creatinine, pM 58.000 53.000 62.000

Abbreviation: Q, quantile.

As shown in Fig. 1 and Table 2, serum spexin levels were also negatively correlated with BMI
(Spearman r = —0.445, P < 0.001), fasting glucose (Spearman r = —0.302, P=0.014), and TG
(Spearman r = 0.324, P =0.008). Furthermore, the other characteristics, including TC, ALP,
ALT, AST, urea, and creatinine, did not show correlations with spexin levels. To solidify these
findings, Pearson correlation analysis was also performed. In this case, the age was shown
with a consistent positive correlation between age and BMI, fasting glucose, TC, TG, ALP,
ALT, AST, and urea. A reproducible negative correlation between spexin and age, fasting
glucose, and BMI was noticed. However, by Pearson correlation analysis, significant cor-
relation between spexin and urea (Pearson r = —0.277, P=0.024) but not TG (Pearson r =
—0.168, P=0.178) was recorded (Supplemental Table S2). The correlation plots of age/spexin
with other characteristics were shown in Supplemental Figs. S2 and S3.

The distributions of female subjects with different spexin levels (grouped by tertiles) by
age, BMI, fasting glucose, and TG, based on ordinal categorical groups, were described in
Supplemental Tables S3—S6. In each of the three ordinal variables (median splits, tertiles,
and quartiles), the number of subjects with maximum spexin level decreased as the age
increased, with the P values of 0.197, 0.097, and 0.239 in age median splits, tertiles, and
quartiles, respectively. Obviously, the distribution of subjects showed strictly reverse

Table 2. Paired Correlation Analysis Between All Characteristics and Age/Spexin

Correlations”
Age, y Spexin, ng/mL

Characteristics r P r P

Age, y NA NA —0.277 0.022
Spexin, ng/mL —=0.277 0.022 NA NA

BMI, kg/m2 0.366 0.003 —0.445 <0.001
Glucose, mM 0.304 0.013 —-0.302 0.014
TC, mM 0.401 <0.001 —0.186 0.135
TG, mM 0.366 0.003 —0.324 0.008
ALP, U/L 0.423 <0.001 —0.067 0.593
ALT, U/L 0.539 <0.001 -0.118 0.348
AST, U/L 0.545 <0.001 —-0.072 0.567
Urea, mM 0.398 <0.001 -0.223 0.073
Creatinine, pM —0.030 0.813 0.011 0.932

Abbreviation: NA, not available.
“Spearman ranking correlation (r) analyses were performed in Prism 6. The r and P values were recorded. P is in
bold if the statistical test is significant (P < 0.05).
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Figure 1. The correlations between spexin (SPX) and (a) age, (b) BMI, (c) fasting glucose,
and (d) TG. For each pair of variables, linear regression was performed, and the best-fit
equation was presented. The linear fitting equation is shown as Y = a*X + b, where
independent variable X is Age, BMI, Glucose, and TG, while dependent variable Y is SPX.
The Spearman ranking correlation coefficient () and associated statistical significance were
also shown: *P < 0.05, **P < 0.01, ***P < 0.001.

correlation between spexin and BMI in all of the ordinal variables, with the P values of 0.048,
0.003, and 0.035 in age median splits, tertiles, and quartiles, respectively. Similar patterns
were also noticed in the case of fasting glucose and TG, although statistically not significant.

C. Correlations Between Spexin and BMI, Fasting Glucose, and TG Were Independent of Age

To investigate the main and interaction effects of age and spexin on BMI, fasting glucose, and
TG, the female subjects were grouped by age quantiles and spexin tertiles. The quantiles of
age (in years) are quantile (Q)1 (23, 30), Q2 (30, 38), Q3 (39, 48), and Q4 (48, 64). The tertiles of
spexin (in nanograms per milliliter) are tertile (T)1 (0.092, 0.181), T2 (0.182, 0.209), and T3
(0.210, 0.535). The main and interaction effects were analyzed by ANOVA analysis, where F is
the statistics of F-test. As shown in Table 3 and Fig. 2, the main effects of age on BMI, fasting
glucose, and TG were 2.457 (P=0.073), 3.419 (P=0.024), and 2.332 (P = 0.084), respectively.
The significant main effect of spexin on BMI (F = 5.727, P = 0.006) and fasting glucose (F =
3.382, P=0.041) was observed, whereas the main effect of spexin on TG was shown to be 0.823
(P =0.445). Furthermore, no significant interaction effects of age and spexin on BMI, fasting
glucose, and TG were found, suggesting that the correlations between spexin and BMI, fasting
glucose, and TG were age independent.
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Table 3. The Main and Interaction Effects® of Age and Spexin on BMI, Fasting Glucose, and TG

Age and
Age Spexin Spexin

Ordinal Variables and

Groups (Age, y) Characteristics F P F P F P

Quartiles BMI 2.457 0.073 5.727 0.006 1.450 0.214
Q1 (23, 30) Glucose 3.419 0.024 3.382 0.041 1.360 0.247
Q2 (30, 38) TG 2.332 0.084 0.823 0.445 0.576 0.748
Q3 (39, 48)

Q4 (48, 64)

Tertiles BMI 1.181 0.315 6.636 0.003 1.231 0.308
T1 (23, 32) Glucose 3.048 0.055 4.306 0.018 0.641 0.654
T2 (33, 46) TG 1.699 0.192 0.908 0.409 0.304 0.874
T3 (47,64)

Median splits BMI 4.385 0.041 7.366 0.010 0.466 0.630
M1 (23, 38) Glucose 7.726 0.007 4.921 0.010 1.617 0.207
M2 (39, 64) TG 8.730 0.004 0.916 0.406 0.939 0.397

“Two-way ANOVA was used to analyze the main and interaction effects in SPSS 19. Spexin (ng/ml) was categorized
into tertiles [T1 (0.092, 0.181), T2 (0.182, 0.209), and T3 (0.210, 0.535)], whereas age was categorized into quantiles
(Q1, Q2, Q3 and Q4), tertiles (T'1, T2 and T3), and median splits (M1 and M2). F is the statistics of F-test resulted from
the ANOVA analysis. P is in bold if the statistical test is significant (P < 0.05).

3. Discussion

In this study, we found that circulating spexin is significantly correlated with age in healthy
adult women. It is estimated that every 10 years, the average circulating spexin level reduces
~13 pg/mL. However, such correlation was not observed by Gu et al. [7] and Kumar et al. [18].
We argue that as spexin decreases slowly with age, long duration is needed to observe the
trend of negative correlation; in the case of a cross-sectional study, a wide age range seems to
be necessary. However, in both aforementioned studies, the age range was relatively narrow.
In the study of Gu et al. [7], the ages of T2DM and healthy populations were 53.4 * 8.5 years
(means * standard deviation) and 51.1 + 9.1 years, whereas in the Kumar et al. [18] study,
only children with the age of 15.3 = 0.26 years were included. In contrast, the average age of
subjects in our study is 40.2 = 12.0 years, and the age is almost equally distributed in all
groups, from 23 to 64 years. To confirm our hypothesis, we analyzed the age-spexin correlation
in each age quantile group; not surprisingly, no substantial correlations were found (data not
shown). Furthermore, the abnormal conditions, such as T2DM and obesity, could also make it
difficult to find the correlations between age and circulating spexin, as the pathological
conditions may suppress the expression of spexin.

In current study, the median and IQR of serum spexin concentration was 0.195 (0.177 to
0.219) ng/ml in healthy adult women, which is consistent with our previous report in the
mixed adult population in Hong Kong [13]. In normal-weight children, the serum spexin level
was shown to be 0.44 (0.33 to 0.62) ng/ml [18, 21]. The discrepancy of circulating spexin levels
in the healthy adult women and normal children indirectly supports the notion that spexin
decreases with age. To elaborate further the significance of spexin in aging, larger cross-
sectional studies, including both men and women from young to old, will be needed. It could
also be better to perform a longitudinal study to investigate the change of spexin from
childhood to adulthood in a specific population, with more aging-related indices examined.

The underlying mechanism that causes decreasing circulating spexin with age will be of
great interest to the scientific community. As a result of the strict reverse association between
BMI and circulating spexin levels, it is possible that spexin decreases with age simply because
of weight gain. To test such hypothesis, we analyzed the main and interaction effects of age
and BMI on spexin levels by a grouped correlation analysis (Supplemental Fig. S4) and two-
way ANOVA (Supplemental Table S7). Very interestingly, significant correlation (Spearman
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Figure 2. The (a) BMI, (b) fasting glucose, and (c) TG of subjects grouped by age quantiles
and spexin (SPX) tertiles. The quantiles of age (in years) are Q1 (23, 30), Q2 (30, 38), Q3 (39,

48), and Q4 (48, 64). The tertiles of spexin (in nanograms per milliliter) are T1 (0.092, 0.181),
T2 (0.182, 0.209), and T3 (0.210, 0.535).

r=-0.484, P=0.012) between age and spexin can be found in the BMI Q1 group but not in Q2,
Q3, and Q4 groups (Supplemental Fig. S4). Similar trends were also observed when BMI
ordinal groups were formed by tertiles and median splits (Supplemental Fig. S4). These
results suggest that the effect of age on spexin levels could conditionally but not totally depend
on BMI. It is also well known that the endocrine system undergoes major alterations during
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aging to affect the majority of body functions [29]. As one ages, the circulating levels of some
hormones are unchanged—some increase, and some decrease—which may be caused by
alterations in hormonal networks and concomitant hormonal deficits/excess [29]. In humans,
spexin is highly expressed in adrenal gland, kidney, visceral fat, and digestive organs [7].
Aging may reduce kidney tubular epithelial cell proliferation [30] and cause the decline of
adrenal hormonal and steroidal secretion [31]. It is possible that the production of spexin
declines with age because of degeneration of the adrenal gland and kidney and other organs.
Meanwhile, other possibilities causing decreased circulating spexin may also exist.

Extensive distribution of spexin, GALR2, and GALRS3, in various tissues from the central
nervous system to peripheral tissues [4, 7, 8, 32], indicates that spexin might exert multiple
biofunctions. The proposed spexin receptor, GALR2, and GALRS3 have been shown to be
involved in mood disorder, such as seizure [33], anxiety [34, 35], and depression [34], sug-
gesting the possible functions of spexin in the nervous system. The finding that GALR2
agonist AR-M1896 mediated a protective effect on rat basal forebrain septal neurons from A
neurotoxicity [36] provides indirect evidence for the involvement of spexin in the pathogenesis
of Alzheimer’s disease, which is closely associated with aging. Currently, three important bio-
functions of spexin have been highlighted in the regulation of appetite, body weight, and blood
glucose. In clinical observations, serum spexin levels were found to be negatively correlated
with BMI in obese subjects [18, 22] and blood glucose in T2DM patients [7]. In the obese DIO
mice model without T2DM, spexin treatment effectively caused body-weight loss, improved
glucose tolerance, and decreased insulin resistance [19]. Moreover, spexin gene expression
was downregulated 14.9-fold in the human obese omental and subcutaneous fat, and spexin
treatment inhibits the long-chain fatty acid uptake into the adipocytes [17]. In the current
study, we demonstrated that circulating spexin levels showed expected negative correlation
with BMI and fasting glucose in healthy adult women, proving that spexin may be one of the
risk factors predicting obesity and diabetes. We also found that the BMI and blood glucose
were positively correlated with age, which is consistent with the well-known fact that there is
an age-associated increase in the prevalence of obesity and T2DM [37—40]. Combined to-
gether, the interplay among age, spexin, and BMI/blood glucose suggests a complex regu-
latory network. Interestingly, there were no significant interaction effects of age and spexin
on BMI and fasting glucose, suggesting that the role of spexin in regulating body weight and
blood glucose is independent of aging. However, we cannot exclude the possibility that spexin
is involved in development of age-related obesity and diabetes.

Clinically, a large proportion of patients with obesity and/or T2DM have high TG levels [41,
42], which 1s associated with increased risk of CVD [43]. In the current study, we found that
circulating spexin levels negatively correlated with the serum TG (P = 0.008) level in the
healthy women population. In the obese DIO mice model without T2DM, the hepatic level of
TG was dramatically increased, and the elevated total lipids could be significantly reversed by
spexin treatment [19]. These results may interpret the recent finding that obese children with
low spexin and high leptin manifested a greater risk for CVD [21].

In conclusion, circulating spexin levels decrease with age and negatively correlate with
BMI, fasting glucose, and T'G. As no interaction effects of spexin and age on BMI and fasting
glucose were found, spexin may independently predict the risk of high BMI and high fasting
glucose. The close correlation between spexin and age suggests the possible role of this peptide
in aging-related functions and disorders, which need to be explored further by additional
clinical studies and mechanistic investigations to elucidate the role of spexin in aging.
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