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Purpose: This study aimed to investigate the relationship between serum isthmin-1 (ISM1) and type 2 diabetes mellitus (T2DM), and
the alteration of serum ISM1 level in both diabetic sensorimotor peripheral neuropathy (DSPN) and diabetic adults with obesity.
Patients and Methods: We recruited 180 participants (120 T2DM and 60 controls) in the cross-sectional study. First, we compared
the serum ISM1 concentration in diabetic patients and non-diabetic controls. Secondly, according to DSPN, patients were divided into
DSPN and non-DSPN groups. Last, patients were categorized as lean T2DM (15 males, 15 females), overweight T2DM (35 males, 19
females), and obese T2DM groups (23 males, 13 females) according to gender and body mass index (BMI). All participants were
collected with clinical characteristics and biochemical profiles. Serum ISM1 was detected in all subjects by ELISA.

Results: Higher serum ISM1 [7.78 ng/mL (IQR: 6.33-9.06) vs 5.22 (3.86-6.04), P <0.001] was observed in diabetic patients
compared to non-diabetic controls. Binary logistic regression analysis showed that serum ISM1 was a risk factor for type 2 diabetes
after adjustment (OR=4.218, 95% CI: 1.843-9.653, P=0.001). Compared to the non-DSPN group, serum ISM1 level was not changed
significantly in patients who suffered from DSPN. Diabetic females with obesity had lower level of serum ISM1 (7.10+£1.29 ng/mL)
when compared to the lean T2DM (8.42+1.36 ng/mL, P <0.05) and the overweight T2DM (8.33£1.27 ng/mL, P <0.05). However,
serum ISM1 was not changed significantly in male groups or all patients together.

Conclusion: Serum ISM1 was a risk factor for type 2 diabetes, and it was associated with diabetic adults with obesity while there was
sexual dimorphism. However, serum ISM1 levels were not correlated with DSPN.
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Introduction

Due to aging, diabetes affects over 10.5% of people aged 20-79 worldwide, which is a major challenge for healthcare
systems worldwide. Currently, the largest number of cases is in China.' Type 2 diabetes mellitus (T2DM) is a complex
disease described by insulin resistance (IR) and pancreatic B cell failure, accounting for over 90% of patients with
diabetes globally.”

Diabetic patients suffered from traditional and emerging complications, including cardiovascular, peripheral neuro-
pathy diseases, and cancers.” Microvascular dysfunction and neuronal cell death induced by IR, hyperglycemia,
inflammation and impaired signaling pathways of glucose and lipid metabolism led to diabetic sensorimotor peripheral
neuropathy (DSPN). As the most prevalent type among diabetic neuropathies, DSPN affects about 30% of people with
diabetes.* Up to 50% of DSPN is asymptomatic because it develops gradually or insidiously.” Even worse, DSPN is
strongly related to an increased risk of death.*

Being overweight or obese was positively associated with type 2 diabetes.® The national survey found that more than
50% of adults are overweight or obese in China.” Accumulative adiposity, assessed by high body mass index (BMI), was
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the most critical risk factor for type 2 diabetes.” Chinese people had a higher level of body fat when compared to
Caucasians at an equal BMI.” BMI and total fat mass were strongly related to IR and inflammation.®

Adipokines, mainly secreted from adipose tissue, contribute to glucose and lipid metabolism, IR, and inflammation.’
Researchers found that adipokines were associated with T2DM,'® obesity,'" and DSPN.'? Isthmin-1 (ISM1), a novel
protein excreted from the nervous system, was found to regulate early embryonic development.'® It was also expressed in
the kidney, heart, and immune system.'*'> Recent evidence suggested that ISM1 acted as an adipokine to improve
glucose tolerance and insulin sensitivity in mice and healthy humans.'® Recent study of ISM1 revealed that it was
associated with inflammatory reactions.'” On the other hand, T2DM is also associated with various markers of
inflammation, including neutrophil/lymphocyte count ratio,'® omentin,' neuregulin-4,?° frailty indexes,?' serum vitamin
D,? and uric acid-to-HDL ratio.” In addition, diabetic microvascular complications are associated with increased burden
of inflammation too. The markers that associated with diabetic complications include C-reactive protein (CRP)-to-
albumin ratio,”* neuregulin-4,> monocyte-to-lymphocyte ratio,”® omentin,”’ mean platelet volume-to-lymphocyte
ratio,”® and kidney injury molecule-1.%’ Hence, studying ISM1 in diabetes mellitus and in its complications make sense.

Recent studies reported that serum ISM1 was reduced in T2DM but elevated in diabetic kidney disease.**>! A study
stated that higher serum ISM1 concentration was detected in obese pubertal boys and related to BMI S-score.>* So far,
the role of serum ISM1 in diabetes is not fully understood, and no study has been focused on the association of serum
ISM1 and DSPN. Therefore, the main objective of this study was to investigate the relationship between ISM1 and type 2
diabetes. Furthermore, this study was to explore the alteration of ISM1 in DSPN and diabetic patients with obesity.

Research Design and Population
Study Design and Population

Our analysis was an observational, prospective study. All participants were recruited from 1 October 2021 to
31 January 2023 at The Huai’an Hospital Affiliated to Xuzhou Medical University and The Second People’s Hospital
of Huai’an. The criteria for selecting the subjects were as follows: 1) patients with type 2 diabetes based on the diagnostic
standard of WHO 1999.%% 2) aged between 18 and 79 years. Exclusion criteria: 1) Estimated glomerular filtration rate
(eGFR) <30 [mLemin 's (1.73 m%)']. 2) A history of blood transfusion in 6 months, tumor, or other endocrine
diseases. 3) An acute infectious disease or acute diabetic complications. 4) Missing critical laboratory data. The
definitions of nondiabetic controls were as follows: 1) Normal blood glucose tolerance, 2) Fasting serum glucose
<6.10 mmol/L, 3) HbAlc <6.1%, and 4) With no family history of diabetes. Exclusion criteria for both groups were
people who suffered from chronic kidney disease and autoimmune disease.

Of the 213 participants who were screened, 180 participants were eligible for this research, which included 120
diabetic patients and 60 nondiabetic controls. Thirty-three participants were excluded based on the exclusion criteria. To
determine whether serum ISM1 expression differed in DSPN, the T2DM patients were divided into two groups: the
DSPN and the non-DSPN T2DM groups. DSPN was diagnosed when the following criteria were met: 1) The presence of
symptoms (burning or stabbing pain, numbness, weakness, hyperalgesia, sensation loss) and signs (sensation of
temperature and pain, vibration perception with 128-Hz tuning fork and 10-g monofilament test). 2) Abnormal nerve
conduction studies (a reduction of limb nerve conduction and/or amplitude on electromyography).** Because all
participants are Han Chinese, the BMI was categorized based on the definition of The Working Group on Obesity in
China: 1) BMI > 24 kg/m? was as overweight, and 2) BMI > 28 kg/m” was as obese.’

Baseline Data Collection
We gathered the baseline demographic and clinical characteristics for all people. Baseline data included age, sex,
duration, drug use, and blood pressure. Measurements of height and weight were used to calculate the body mass index.

Biochemical Profiles
After a minimum of 8 hours fasting, venous samples were obtained from all participants. Blood was centrifuged at 3000
r/min for 20 minutes (ZONKIA, China), and the serum was stored at —80 degrees centigrade until further analysis. The
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serum was used to measure fasting plasma glucose (FPG), fasting C-peptide, urea nitrogen (BUN), uric acid (UA), serum
creatinine (Cr), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) and HbAlc by using an integrated automatic analyzer (Roche, China). The level of
serum ISM1 was measured by a human ISM1-specific ELISA kit (Jiangsu Meimian Industrial Co., Ltd, China). The
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to calculate the eGFR.>’ Fasting
blood glucose and fasting C-peptide were input into the software (https://www.ox.ac.uk/), and then homeostatic model
assessment (HOMA) was calculated.*®

Nerve Conduction Study (NCS)

Using standard electrophysiological and electromyographic equipment (Philip, China), nerve conduction tests were
performed by professional electrophysiologists. Sensory nerve conduction velocity, response amplitude, and latency
were measured for median nerves, ulnar nerves, sural nerves, and superficial fibular nerves. Motor nerve conduction
velocity, the amplitude of action potentials and latency, and F-wave latency were detected at the median nerves and
common fibular nerves. All data were gathered using the standard surface detection method and they were analyzed and
standardized by healthy human age matching from our laboratory. If the muscle atrophy of the patient was severe, then
needle electromyography was applied.

Statistical Analysis

SPSS 25.0 and GraphPad Prism 9 were used for statistical management and analysis. Measurement data are reported as
the mean + standard deviation (SD) if they were normally distributed. Otherwise, data are shown as the median
(interquartile range). Categorical variables were analyzed by the chi-square test or Fisher’s exact test. We used the
t-test or Mann—Whitney U-test to compare continuous variables between two groups. ANOVA and the Kruskal-Wallis
H-test were performed to compare more than two groups, and the Bonferroni method was applied to correct for multiple
comparisons. The Spearman correlation coefficient was calculated to analyze the correlation between serum ISM1 and
other clinical variables. The relationship between ISM1 and diabetes was analyzed by logistic regression analysis. All
P values were two-tailed and P <0.05 was considered statistically significant.

Results

Baseline Clinical Characteristics of the Participants

The clinic characteristics of the participants are presented in Table 1. As shown in Table 1, the mean age of the diabetic
patients was 53.58 years, and that of the control group was 51.12 years. No significant difference was found in age,
gender, height, SBP, DBP, Cr, uric acid, eGFR, HDL-C, LDL-C, and TC between the two groups (P>0.05). Compared to
the control group, patients with diabetes were likely to have a higher body weight, BMI, FPG, C peptide, HbAlc, BUN,
and TG (P<0.05). Consistent with various prior studies, patients with diabetes had lower HOMA2-B but higher HOMA2-
IR (P<0.05), indicating that they suffered from worsen B-cell function and IR.

ISMI Serum Level

The first set of analyses examined the correlation of T2DM with serum ISM1. In our study, the serum ISM1 concentra-
tion was increased significantly in the diabetic group compared to the non-diabetic control group (P<0.001, Table 1,
Figure 1A). Then, we explored the relationship between serum ISM1 and baseline variables in the diabetic group.
Detailed information on the Spearman correlation analysis is shown in Table 2. In both mouse models and healthy
controls, ISM1 transcript levels in adipose tissue were not significantly correlated with HOMA-IR.'® Our experiments
yield the same results. Table 2 shows that BMI, FPG, C-peptide, HbAlc, and HOMA2-f did not show any correlation
with ISM1. Age (r=0.197, P<0.05), gender (r=0.297, P<0.001), HDL-C (r=0.194, P<0.05), and LDL-C (r=0.205,
P<0.05) showed a weak positive correlation with ISM1 levels.

To further clarify the relationship between serum ISM1 and T2DM, a logistic regression analysis was performed.
BMI, FPG, C-peptide, BUN, HDL-C, TG, and ISM1 were significantly related to T2DM in univariate analysis (P<0.05,
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Table | Characteristics of All Participants

T2DM (n =120) Control (n =60) P value
Gender (Male, %) 73(60.8%) 35(58.3%) 0.747
Age (years) 53.58+10.56 51.12+9.35 0.127
Height (m) 1.66£0.07 1.66+0.07 0.836
Body weight (Kg) 73.06x11.94 68.30+10.70 <0.05*
BMI (Kg/m?) 25.89(23.92-28.72) 24.67(23.03-26.18) 0.001*
SBP (mmHg) 128.00(122.00-137.00) 127.00(1 16.00-144.50) 0.506
DBP (mmHg) 76.00(72.00-84.00) 79.00(68.25-85.00) 0.925
FPG (mmol/L) 9.31(7.05-12.86) 5.12(4.79-5.30) <0.001*
C-peptide (ng/mL) 2.21(1.69-3.12) 1.97(1.61-2.33) <0.05*
HOMA2-B 46.20(25.78-70.25) 119.50(101.03—137.58) <0.001*
HOMA2-IR 2.03(1.49-3.13) 1.42(1.17-1.75) <0.001*
HbAlc (%) 9.00(7.53-10.90) 5.60(5.50-5.90) <0.001*
BUN (mmol/L) 5.71(5.01-7.01) 4.50(3.80-5.60) <0.001*
Cr (umol/L) 56.15(45.00-68.80) 62.00(44.25-68.00) 0.685
Uric acid (umol/L) 296.70(242.48-353.00) 309.00(238.00-371.50) 0.426
eGFR (mL/min/1.73 m?) 107.44(98.82-116.12) 108.59(102.21-114.38) 0.448
HDL-C (mmol/L) 1.15(0.95-1.31) 1.20(1.04-1.41) 0.084
LDL-C (mmol/L) 2.63(1.94-3.21) 291(2.31-3.33) 0.141
TG (mmol/L) 1.81(1.22-2.85) 1.50(1.01-2.39) <0.05*
TC (mmol/L) 4.53(3.96-5.41) 4.79(4.13-5.32) 0.684
ISMI (ng/mL) 7.78(6.33-9.06) 5.22(3.86-6.04) <0.001*

Note: *P<0.05.

Abbreviations: T2DM, type 2 diabetes; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; HOMAZ2-B, Homeostasis model 2 assessment-f; HOMA2-IR, homeostasis model 2 assessment of insulin
resistance. HbA I ¢, glycated hemoglobin Alc; BUN, urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; ISMI,
Isthmin-1.

data not shown). Binary logistic regression analysis showed that serum ISM1 (OR=4.218, 95% CI:1.843-9.653,
P=0.001), FPG (OR=9.874, 95% CI:2.725-35.775, P<0.001), and BUN (OR=2.012, 95% CI:1.129-3.586, P<0.05)
were positively correlated with T2DM (Figure 2). The results suggested that serum ISM1 was a risk factor for type 2
diabetes.

Subgroup Analysis
A New Point of View on Type 2 Diabetic Adults with Obesity
Our study indicated that serum ISM1 was a risk factor for T2DM, but a prior study showed that it was a protective
factor.>® One difference between the two pieces of research was that the prior study matched their groups by age
and BMI.

Previous research has established that the gene expression of ISM1 in adipose tissue is markedly elevated not only in
mice fed a high-fat diet (HFD) but also in non-diabetic people with obesity. Moreover, it was significantly positively

2016

Dove!

Diabetes, Metabolic Syndrome and Obesity 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Liao et al

ek ns
10 — 10+ i
s 1 of 1 |
6 —l— 6
4 4
2 2
0 T T 0 T T
control DM non-NSDP DSPN
C D E
* ns ns
e e ——
ns o ns ns T e
10 l l 10 I 109 M 1
o & JT T L o h LT
6 6 6—
4 4- 4
2 2— 2
0 T 0 T 0 .
S @ S & NP 2
AR ) o’&e SCA 600 &° R &
06‘ 406‘ 40@
04 o [e)

Figure | The concentration of serum ISMI in different groups.

Notes: The figures show the level of serum ISMI in the different groups. (A) DM group compared to controls. (B) DSPN group compared to the non-DSPN group.
C. obese patients compared to lean and overweight in females (C), males (D), and all patients (E) based on BMI and gender. *P <0.05, ****P <0.001, ns: P >0.05.
Abbreviations: T2DM, type 2 diabetes; DSPN, diabetic sensorimotor peripheral neuropathy; ISMI, Isthmin-1.

correlated with BMI significantly.'® The latest study suggested that serum ISM1 level of the obese population was gender
differences.*> Our study showed that ISM1 had a positive correlation with gender (P=0.001, Table 2). Therefore, we
regrouped them according to gender in diabetic patients. There are two subgroups: 1) the male groups: lean T2DM
(N=15), overweight T2DM (N=35), and obese T2DM (N=23), and 2) the female groups: lean T2DM (N=15), overweight
T2DM (N=19), and obese T2DM (N=13).

Lower serum ISM1 concentration (7.10+1.29 ng/mL) was detected in obese females with T2DM when compared to
lean T2DM (8.42+1.36 ng/mL, P<0.05, Figure 1C) and overweight T2DM (8.33+£1.27 ng/mL, P<0.05, Figure 1C). No
significant alteration of serum ISM1 was observed between lean T2DM and overweight T2DM groups in females.
However, there was no significant alteration in male groups, but it was a tendency to increase (P>0.05, Figure 1D).
Comparing all patients together, we unexpectedly found that it was no significant alteration between three groups
(P>0.05, Figure 1E). The results suggest that there was a gender difference in the expression of serum ISM1 in diabetic
patients with obesity.

Focus on Patients Who Suffered from DSPN

Extensive research has shown that DSPN is a complex complication of diabetes. Old age, long diabetes duration, poor
glycemic control, and lower HDL-C are risk factors for T2DM.*?” Data from several studies suggest that the gold
standard test for the diagnosis of DSPN is nerve conduction studies.* To date, the problem of diagnosing and treating
DSPN has received some attention in the research literature, but there are still no effective solutions. Therefore, we need
to find novel biomarkers.
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Table 2 Correlation Analysis Between Serum ISMI| and Baseline
Characteristics in T2DM

ISMI ISMI
r P r P
Gender 0.297 | 0.001* | HbAlc (%) 0.097 | 0.293
Age (years) 0.197 | <0.05* | BUN (mmol/L) —0.057 | 0.535
BMI (Kg/m?) —0.068 | 0.461 | Cr (n mollL) —0.147 | 0.109
SBP (mmHg) —0.046 | 0.617 | Uric acid (u mol/L) 0.006 0.949
DBP (mmHg) 0.071 0.441 | eGFR (mL/min/1.73m?) | —0.099 | 0.280
FPG (mmol/L) 0.069 0451 | HDL-C (mmol/L) 0.194 | <0.05*
C-peptide (ng/mL) | —0.048 | 0.599 | LDL-C (mmol/L) 0.205 | <0.05*
HOMA2-B —0.091 | 0.322 | TG (mmol/L) 0.047 | 0.609
HOMA2-IR 0.008 0.930 | TC (mmol/L) 0.156 0.089

Note: *P<0.05.

Abbreviations: T2DM, type 2 diabetes; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; HOMA2-B, Homeostasis model 2 assessment-f3;
HOMA2-IR, homeostasis model 2 assessment of insulin resistance. HbAlc, glycated hemoglobin Alc;
BUN, urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total
cholesterol; ISMI, Isthmin-1.

Of 120 diabetic patients, 95 patients were diagnosed with DSPN. Compared to the non-DSPN T2DM group, higher
SBP and lower eGFR were observed in the DSPN group. Consistent with previous research, elderly patients were more
likely to suffer from DSPN (P<0.001, Table 3). When fasting plasma glucose is increased 1 mmol/L or HbAlc is
increased 1%, the risk of developing DSPN increases by 10% to 15%.>® But there was no significant alteration in FPG,
HbAlc, or serum lipids (P>0.05, Table 3). Although the concentration of ISM1 decreased in the DSPN group compared
to the non-DSPN group, it was not significant (P>0.05, Figure 1B). The results of binary logistic regression analysis
presented that serum ISM1 was not associated with DSPN after adjusting for sex, age, BMI, blood pressure and

BUN (OR=2.012, 95% CI=1.129-3.586, p<0.05)

FPG (OR=9.874, 95% Cl=2.725-35.775, p<0.001)

ISM1 (OR=4.218, 95% Cl=1.843-9.653, p=0.001)
BUN il
FPG = = |
ISM1 boe
lllllllllllllllllllllllll
-10 0 10 20 30 40

Figure 2 Odds ratios for associations between serum ISMI and T2DM.
Note: The forest plot shows the result of multivariable logistic regression analysis.
Abbreviations: T2DM, type 2 diabetes; FPG, fasting plasma glucose; BUN, urea nitrogen; ISMI, Isthmin-1.
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Table 3 Baseline Characteristic of Patients with DSPN or Non-DSPN

DSPN (n =95) Non-DSPN T2DM (n =25) P value
Gender (Male, %) 56(58.9%) 17(68.0%) 0.409
Age (years) 55.68+9.27 45.60%11.5] <0.001*
Height (m) 1.66+0.07 1.67+0.07 0.593
Body weight (Kg) 70.0(64.0,80.0) 78.0(66.0,86.0) 0.114
BMI (Kg/m?) 25.64(23.78,28.44) 27.68(24.24,29.89) 0.185
SBP (mmHg) 128.0(124.0,139.0) 126.0(110.0,134.0) <0.05*
DBP (mmHg) 79.0(72.0,84.0) 76.0(71.0,84.0) 0.739
FPG (mmol/L) 9.52(7.04,13.02) 8.71(6.96,11.44) 0367
C-peptide (ng/mL) 2.11(1.68,2.99) 2.49(1.89,3.53) 0318
HOMA2-B 42.00(23.90,74.70) 51.50(41.55,62.55) 0233
HOMA2-IR 1.93(1.44,3.05) 2.21(1.63,3.30) 0.561
HbAlc (%) 8.80(7.60,10.80) 10.00(7.45,1 1.25) 0412
BUN (mmol/L) 5.75(5.08,7.12) 5.28(4.40,6.22) 0.153
Cr (1 molll) 58.0(45.0,70.0) 54.0(44.5,67.5) 0535
Uric acid (. mol/L) 284.60(240.00,336.40) 319.00(264.50,403.25) 0.101
eGFR (mL/min/1.73 m?) 106.67(97.06,114.28) 113.81(104.43,129.45) <0.05*
HDL-C (mmol/L) 1.16+0.28 1.10£0.22 0310
LDL-C (mmol/L) 2.59(1.93,3.25) 2.74(2.03,3.16) 0.754
TG (mmol/L) 1.68(1.23,2.78) 2.30(1.05,3.05) 0.432
TC (mmol/l) 4.53(3.88,5.32) 4.49(4.01,5.85) 0.774
ISMI (ng/mL) 7.51(6.35,9.09) 8.14(5.86,8.93) 0.682

Note: *P<0.05.

Abbreviations: T2DM, type 2 diabetes; DSPN, diabetic sensorimotor peripheral neuropathy; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HOMA2-B, Homeostasis model 2
assessment-f; HOMAZ2-IR, homeostasis model 2 assessment of insulin resistance. HbAlc, glycated hemoglobin Alc; BUN,
urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; ISMI, Isthmin-1.

biochemical profiles (OR=0.926, 95% CI: 0.604-1.420, P=0.725). Taken together, these results revealed that there was
no association between serum ISM1 and DSPN.

Discussion

In this study, we found that serum ISM1 was significantly increased in patients with T2DM, which suggests that serum
ISM1 is positively related to type 2 diabetes. Wang et al also found that elevated serum ISM1 was a risk factor in diabetic
kidney disease and correlated with the severity of albuminuria.*' However, J. Wang et al found that serum ISM1 acted as
a protective factor in new-onset diabetic patients.*® Possible reason for the inconsistent result was different duration of
patients. In the researches of present and C. Wang, there was no restriction on the duration of the patients. In our
research, many patients had a long duration except 23 patients whom duration was in 6 months. These observations may
support a hypothesis that serum ISM1 plays different roles in the onset and progression of type 2 diabetes. Therefore, our
study further supported that ISM1 was associated with T2DM no matter how it changed.
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Initially, ISM1 was found to be excreted from the central nervous system to regulate embryonic and postnatal
development.'? Later, researchers found that ISM1 was highly expressed in brain.'> Recent evidence revealed that the
expression of ISM1 was elevated in adipose tissue of HFD mice, which is in parallel with leptin.'® Leptin is a classical
adipokine mainly excreted by adipose tissue to regulate food intake and glucose metabolism.*® Prior studies have noted
that leptin had a complex effect on pancreatic B cells: lower concentrations inhibited insulin release, while higher levels
stimulated insulin secretion.*® However, serum ISM1 was not related to serum leptin in obese children.>? As mentioned
in the literature reviews, leptin is transported across the blood-brain barrier (BBB) by a saturable system to partly
regulate glucose metabolism. Peripheral and central leptin resistance caused by BBB disorders induced diabetes mellitus
and obesity.***! However, increasing plasma ISM1 levels in HFD mice did not elevate the expression of ISM1 in brain.'®

ISM1 inhibits nodal signaling by downregulating the phosphorylation of mothers against decapentaplegic (SMAD) 2
during embryo development.** Nodal, a member of the transforming growth factor-B (TGF-B) superfamily, is present in
human pancreatic B cells and a cells.*® The activity of TGF-f signaling pathway was enhanced by ISM1.** The study
reported that ISM1 activated the phosphoinositide 3-kinase (PI3K)/Akt signaling pathway.'® Nodal regulates pancreatic p
cell proliferation and apoptosis in different pathways. Nodal modest triggers pancreatic B cell proliferation by SMAD
signaling (probably SMAD?2), but it does not influence AKT signaling.*® However, nodal induced B cell apoptosis by
activating activin receptor-like kinase-7 (ALK7) to stimulate SMAD?2/3-caspase-3 signaling and inhibiting Akt
signaling.*> We expect that further research could pay attention to whether and how serum ISM1 affects blood glucose
through nervous system and the role of ISM1 in regulating pancreatic cell growth.

An examination of adult mice reported that ISM1 transcripts were expressed in various systems but were not detected
in blood."” Jiang et al found that plasma ISM1 was 50 pg/mL in obese humans.'® Recent research showed that serum
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ISM1 was less than 4 ng/mL in diabetic patients,” and increased higher in our study. This result suggests that the

expression of serum ISM1 is different among species and nutritional states.

Obesity is one of the major risk factors for diabetes. All subjects in the study of J. Wang were matched of BMI.*°
However, participants in our study were selected randomly, and patients with T2DM had higher BMI than controls. There
are gender differences in the incidence of obesity in China.” Moreover, serum ISM1 was associated with gender in this
study. Prior study showed that serum ISM1 was elevated in obese boys but not in girls.** In this research, we showed that
serum ISM1 statistically decreased in obese females with T2DM. However, it was no statistical alteration in diabetic
males with obesity. The result supported that serum ISM1 was associated with patients with type 2 diabetes who suffered
obesity, and the alteration of serum ISM1 was sexual dimorphism in adult. The activity of adipokines was regulated by
sex hormones.*® Higher serum leptin concentrations were found in females than in males at an equal weight in patients
with T2DM. Serum adiponectin was decreased in patients with T2DM and lower in males.*’ Therefore, we could pay
attention to the relationship between serum ISM1 and sex hormones in subsequent study.

The prior study reported that ISM1 was highly expressed in vitro mature adipose tissue, and HFD mice had the same
expression pattern. In addition, the RNA sequence of ISM1 from adipose tissue of obese people was increased and
positively correlated with BMI. However, ISM1 was no associated with FPG and HOMA-IR in obese.'® Wang et al
revealed that serum ISM1 was not related to C-peptide or HOMAZ2-IR in patients with T2DM. Consistent with prior
results, serum ISM1 was also not association with C-peptide or HOMAZ2-IR in our study. Exogenous recombinant ISM1
therapy improved blood glucose in HFD mice, but it did not affect body weight. Therefore, the effect of ISM1 in diabetes
and obesity is complex.

DSPN is one of the microvascular complications of diabetes mellitus. Cellular injury mediated by persistent
hyperglycemia possibly plays the most important role in the development of DSPN. Inflammation and oxidative stress
have also been implicated in diabetic polyneuropathy.* It was reported that serum ISM1 was associated with
inflammation.*® In addition, serum ISMI was related to diabetic microvascular complication.** Serum ISMI was
negative correlated with myeloperoxidase (MPO) in obese children.>> MPO is a peroxidase mainly secreted by
neutrophils that promotes inflammation and oxidative stress, which is positively associated with atherosclerosis and
IR However, serum ISM1 was not associated with IR or inflammation factors, such as tumor necrosis factor o (TNFa),
high-sensitivity CRP, interleukin (IL) 6 or monocyte chemoattractant protein-1 (MCP-1) in obese children.*”
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ISM1 was recognized as an important regulator of endothelial cells (EC) and angiogenesis in vitro and in vivo under
both physiological and pathological conditions.’" Previous research found that ISM1 has a dual role in regulating cell
proliferation and apoptosis.”'~>* ISM1 consists of a signal peptide, a conserved adhesion-associated domain in MUC4 and
another proteins (AMOP) and thrombospondin type 1 repeat (TSR).”! Soluble ISM1 combines with avp5 integrin on the
EC surface to partly inhibit capillary network formation and EC proliferation and induced EC apoptosis. There is a novel
“RKD” motif in the AMOP domain that interacts with avp5 integrin. Therefore, the AMOP domain can inhibit
angiogenesis in vitro alone.’® Soluble ISM1 binding to the glucose-regulated protein of 78 kDa (GRP78) targets the
mitochondria to disturb ADP/ATP alternation between the cytosol and mitochondria, which significantly triggers cellular
apoptosis. GRP78 and avf5 integrin are independent receptors, while GRP78 is the predominant factor.”® However, if
ISM1 is “solid”, ie, immobilized in the extracellular matrix, it contributes to EC adhesion, survival, and migration.5 1,52
Therefore, the effect of ISM on endothelial cells completely depends on its physical state.

Prior study reported that ISM1 was a downstream gene of Hypoxia-inducible factor-la (HIF-1a) involved in the
regulation of endothelial cell function.® HIF-la is a key regulator of hypoxia.>> Hypoxia induced by microvascular
damage, mitochondrial dysfunction, and PI3K/Akt pathway disorder cause death of vascular endothelial cell and neuron,
which lead to DSPN. Ageing is a risk factor for DSPN.* Serum ISM1 was decreased in elderly people.”® Our study
showed that serum ISM1 associated with age and patients in the DSPN group was older than non-DSPN group. In this
study, the concentration of serum ISM1 was slightly decreased in patient with DSPN. Unexpectedly, our study revealed
that serum ISM1 was not associated with DSPN after adjustment.

Isthmin-1 also associates with gastrointestinal diseases.’’ Accordingly, gastrointestinal diseases are reported to be
related with increased inflammatory burden.*” ISM1 is also secreted by NK, NKT and Th17 cells, suggesting that it is
involved in the immune response.'* Highly expression of ISM1 promoted cell cycle progression and inhibited cell
apoptosis.”’ The expression of ISM1 was increased in colorectal cancer (CRC). ISM1 was positively correlated with
inflammatory pathways and promoted epithelial-mesenchymal transition (EMT) in CRC, which led to worse survival and
resistance to immunotherapy.** Wnt/B-catenin signaling also associates with inflammation.’® Wnt/B-catenin signaling
participates in cell proliferation and cellular differentiation, which is the crucial part of gastrointestinal cancer.’® The
overexpression of ISM1 activates Wnt/B-catenin signaling pathway to promote carcinogenesis, which is negatively
regulated by miR-1307-3p.”” ISM1 also promotes cell proliferation and invasion in hepatocellular cancer regulated by
miR-1307.°° Long noncoding RNA (IncRNA) H19 activates inflammation in gastrointestinal diseases.®’ The IncRNA
H19 was elevated in gastric cancer and ISM1 is its binding protein. ISM1 expression positively correlated with IncRNA
H19 to promote neoplasia and tumor migration.®?

When people develop diabetes, their risk of suffering from cardiovascular disease (CVD) is increased up to
tenfold.*> Endothelial injury,®* mitochondrial dysfunction,®® and albuminuria® are important risks for CVD.
A recent study identified that serum ISM1 was positively related to patients who suffered from albuminuria.®’
Research demonstrated decreasing albuminuria ameliorated cardiovascular outcomes in diabetic patients.®® Serum
ISM1 was associated with endothelial injury and mitochondrial dysfunction. Our study also showed that serum ISM1
had a positive correlation with T2DM. We suspect that ISM1 could be a novel target for the diagnosis and treatment of
diabetic patients with CVD.

Conclusions

In summary, this research revealed that serum ISM1 was significantly elevated in T2DM patients compared to the control
group and statistically decreased in obese female patients. The result suggests that the effect of ISM1 in T2DM and
obesity is complex. However, serum ISM1 was not related to DSPN in this study.

Limitations of Study

There are some shortcomings of this research. First, this is a cross-sectional study that only enrolled 180 Han Chinese
individuals. Additionally, we used the Chinese guideline to define overweight and obesity, and the number in each
subgroup was not a perfect match. Therefore, larger studies are needed to claim whether serum ISM1 could be
a diagnostic marker in diabetic patients.
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