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ABSTRACT

The presence of isthmin-1 in different body compartments reveals
its significance in metabolism, cell proliferation, endothelial
permeability, angiogenesis and immunity. Studies have categorized
isthmin-1 as an adipokine with insulin-like behavior that uptakes
glucose by the adipocytes and inhibits liver steatosis through a not
identified tyrosine kinase receptor, that it is distinct from insulin
receptor. Additionally, this adipokine demonstrates important
functions in regulating organs development and homeostasis. This
review aims to summarize the informations of isthmin-1 protein
mainly its functions on glucose and lipid metabolisms.
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OZET

[sthmin-1'in farkli viicut bdlmelerinde bulunmasi metabolizma,
hiicre cogalmasi, endotel gegirgenligi, anjiyogenez ve immiinitedeki
Onemini ortaya koymaktadir. Caligmalar isthmin-1'i, adipositler
tarafindan glukozu alan ve bilinmeyen bir reseptor araciligiyla
karaciger yaglanmasini engelleyen insiilin benzeri davranisa sahip
bir adipokin olarak kategorize etmistir. Ek olarak, bu adipokin organ
gelisimini ve homeostazisini diizenlemede Onemli islevler
gostermektedir. Bu derleme, isthmin-1 proteininin esas olarak
glukoz ve lipid metabolizmalar1 tizerindeki islevleri hakkindaki
bilgileri 6zetlemeyi amaglamaktadir.
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Isthmin-1

Gelis Tarihi/Received Date: 23.10.2024

Kabul Tarihi/Accepted Date: 30.11.2024

12


mailto:bvanizorkural@ktu.edu.tr

INTRODUCTION

Isthmin-l gene (hlsm) is found on chromosome 20p12.1

in human.t2 Although it was first discovered in the brain,
later studies have shown that it is found in many
tissues.>*° This 60 kDa protein contains 499 amino acids
in human. In mice, the isthmin-1 gene is located on
chromosome 2 (2;2F3), has a size of 52 kDa, and
contains 454 amino acids.®>® In chickens, this gene is
located on chromosome 3 and has an amino acid
sequence of 443. In zebrafish, this gene is found on
chromosome 13 with an amino acid sequence of 443.3

Isthmin-1 undertakes many important functions through

two main receptors: Alpha-v beta-5 (avB5) receptor and
glucose-regulated protein 78 (GRP78) receptor.”® The
isthmin-1 protein possesses three domains; a N-terminal
signal peptide (SP), a thrombospondin type 1 repeat
(TSR1) and an adhesion-associated domain in mucin 4
(MUC4) and other proteins in the C-terminal region
(AMOP).1°The TSR1 domain has three important motifs
which are “aspartic acid -glutamic acid - glycine” motif,
“tryptophan — serine — leucine - tryptophan” motif and
“cysteine — serine — valine —threonine - cysteine -
glycine”. These motifs display essential biological
processes in collagen receptor activation, transforming
growth factor [ activation and anti-angiogenic
activation. On the other hand, the AMOP domain of
Isthmin-1 contains two important motifs, which are
“arginine — lysine - aspartic acid” motif and “lysine -
glycine-aspartic acid” motif; the binding of these motifs
to avB5 receptor will initiate cell adhesion, migration,
and vascular permeability.*** Additionally, this protein
has crucial posttranslational modification sites, such as
N-glycosylation and C-mannosylation sites, which they
play an important role in the export of isthmin-1 from the
endoplasmic reticulum to the golgi, protein folding and
secretion.>1®

Functions of isthmin-1 in metabolism

The term adipokine indicates a set of cytokines and
hormones secreted from adipose tissues.'® To date,
approximately 600 adipokines with different functions
have been discovered.!” Adipokines regulate the
circulatory and immune systems, affecting many organs
such as the brain, liver, muscle, and heart. These proteins
regulate glucose and lipid metabolism, endothelial
functions, apoptosis, angiogenesis, inflammation,
hemostasis, etc.®

A study by Jiang et al. (2021) suggested isthmin-1 is an
adipokine that manifests endocrine functions and
performs important functions in adipose tissues,
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regulating growth, metabolism, and development of
distant organs.’® Additionally, a study by Liao et al.

(2023) has stated that the adipokine isthmin-1
significantly regulates insulin sensitivity, glucose
tolerance, and inflammation.?® Isthmin-1 increases
glucose uptake by the phosphorylation of

phosphoinositide 3-kinase/protein kinase pathway and
represses de novo lipogenesis and liver steatosis through
interfering with the inductions of sterol regulated
element binding protein-1c, acetyl-CoA carboxylase,
low density lipoprotein  receptor, peroxisome
proliferator-activated receptor y coactivator 1f and
carbohydrate response element binding protein.
Additionally, it enhances protein synthesis in the liver
through the protein kinase-mammalian target of
rapamycin kinase 1- ribosomal protein S6 pathway.3?!2?
Thus, excision of isthmin-1 can results in reduction in the
muscles fiber size and intensity.? However, the above-
mentioned metabolic processes are achieved by still not-
identified receptor tyrosine kinase.!’

Lei et al. (2024) found that serum isthmin-1 levels were
higher in patients with fatty liver and type 2 diabetes
when compared to healthy controls; in those with
metabolic syndrome when compared to those without
metabolic syndrome; in obese people when compared to
lean people; in those with low levels of high density
lipoprotein cholesterol compared to those with high
levels of high density lipoprotein cholesterol; and in men
when compared to women.? Ruiz-Ojeda et al. (2023)
found high isthmin-1 and leptin levels in obese children,
but they didn’t found any significant correlation between
them.? They also determined that isthmin-1 levels were
directly proportional to body mass index, alanine
aminotransferase and total cholesterol levels, and
inversely proportional to high density lipoprotein
cholesterol levels.?#?® Supportingly, a study expressed
that isthmin-1 blood levels have been found to be higher
in men than in women and showed positive correlation
with waist circumference and B-cell function.?” Notably,
direct correlations were detected between serum isthmin-
1 concentration and the values of maternal waist
circumference, oral glucose tolerance test 2nd-hour
blood glucose, glycated haemoglobin, homeostasis
model assessment insulin resistance, and epigastric
subcutaneous and periumbilical adipose tissue density.
However, another study determined that no major
association was found between maternal serum isthmin-
1 concentration and maternal age and fasting blood
glucose level .8



Interestingly, isthmin-1 is positively correlated with type
2 diabetes, and acts as a protective factor for diabetes.
Serum isthmin-1 levels were higher in slim females
compared to obese females with type 2 diabetic mellitus.
However, no significant alterations in isthmin-1 levels
were observed in obese males with type 2 diabetic
mellitus. The same study pointed out that there is no
relationship between serum isthmin-1 levels and the
occurrence of diabetic sensorimotor peripheral
neuropathy.?’ A study by Menghuan et al. (2023) stated
that serum isthmin-1 concentration is elevated in
individuals with macroalbuminuria, which is a key
feature of diabetic nephropathy. This indicates that
isthmin-1 increases the risk of developing type 2 diabetes
mellitus.?

Studies have confirmed that the aging heart depends
mainly on energy sources from glycolysis instead of

glucose oxidation and lipid catabolism. A study
conducted by Hu et al. (2024) found that isthmin-1 plays
a prominent role in promoting glycolysis, the
hexosamine biosynthetic pathway, glucose transporter-4
(GLUT4) transportation to the cell surface, and
activation of sirtuin 1 deacetylase in aging mice; thus,
isthmin-1 significantly inhibits cardiac dysfunction and
inflammation and improves the quality of life in aging
mice.?®

As a result, it can be said that although isthmin-1 has
similar action to insulin in the aspect of glucose and
protein metabolism, it shows different effect on lipid
metabolism (lipogenesis) in liver.

Other functions of isthmin-1

Isthmin-1 has a lot of functions in addition to its anti-
adipogenic functions, and so in metabolism. These
functions are summarized in table-1.

Table 1. A brief overview about the functions of isthmin-1

Functions

Explanations

References

Anti-angiogenesis

The AMOP domain of isthmin-1 binds to avB5 integrin, inhibits vascular endothelial
growth factor and restrains the development of new blood vessels.

3,530

Anti-cancer

It controls the proliferation of hepatocellular cancer, gastric cancer, breast cancer and
melanoma.

3,31-33

Anti-inflammation

It suppresses NF-«B activation and inflammatory cytokine and chemokine production.

18,34

Apoptosis

Mobilized isthmin-1 acts on avB5 integrin in extracellular endothelial cells to initiate an
activation series of caspase-3 and caspase-8, leading to apoptosis.

Immobilized isthmin-1 binds to avB5 receptor and activates focal adhesion kinase,
resulting in cell division, migration, and proliferation.

Soluble isthmin-1 binds to the GRP78 receptor on the surface of endothelial cells. Then
isthmin-GRP78 complex penetrates the cell through endocytosis, which is then
transferred to the inner mitochondrial membrane, which can interact with AAC and block
the transportation of ATP from mitochondria to the cytosol, resulting in apoptosis.

6,22,30

Endothelial
permeability

Isthmin-1 boosts endothelial permeability by binding to GRP78 and av5 receptors.

35

Hematopoiesis

Isthmin-1 ameliorates the production of mesenchymal progenitors, endothelial
progenitor cells, hematopoietic stem and progenitor cells, neutrophils, macrophages, and
erythrocytes.

36,37

Kidney development

Isthmin-1 is shown to be expressed in metanephric mesenchyme and ureteric epithelium
and takes a part in kidney development through three essential receptors, which are a8p1,
ephrin-p1, and plexin-p2.

38

Lung homeostasis

Isthmin-1 efficiently preserves lung homeostasis in several diseases, such as asthma and
chronic obstructive pulmonary disease, by preventing emphysema, bronchial
hyperresponsiveness, and severe lung inflammation. This protein binds to GRP78
receptor, thereby causes the stimulation of adiponectin secretion from alveolar cells and
ultimately alleviates allergic asthma.

39,40

Abbreviations: Alpha-v beta-5 (avB5), Adenine nucleotide translocase (AAC), adhesion-associated domain in mucin 4 (MUC4) and other proteins
(AMOP), adenosine triphosphate (ATP), Glucose regulated protein 78 (GRP78), nuclear factor kappa B (NF-«B).
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CONCLUSION and RECOMMENDATIONS
Isthmin-1 is a recently expressed adipokine protein that
exhibits multiple functions in different body organs. So
far, few studies have been done on isthmin-1. However,
the research on isthmin-1 has been going rapidly in the
last few years. There is still a need to determine isthmin-
1 in different aspects, such as the mechanism of
interaction of isthmin-1 with its receptor in metabolism.
In addition, more detailed studies are required to identify
the physiological and pathological functions of isthmin-
1. The relationships between isthmin-1 and various
diseases such as cardiovascular, neurological, skin and
joint disorders are also suggested to be investigated. We
think that the significancy of isthmin-1 in many
biological areas will make it an attractive topic in the
future.

Authorship contribution statement

Consept and desing: KAMSA, BK.

Drafting of the manuscript: KAMSA, SK.

Critical revision of the manuscript for important
intellectual content: KAMSA, BK, SK.

Declaration of competing interest

No conflicts of interest to be disclosed.

REFERENCES

1. Pera EM, Kim JI, Martinez SL, et al. Isthmin is a novel
secreted protein expressed as part of the Fgf-8
synexpression group in the Xenopus midbrain-hindbrain
organizer. Mech Dev. 2002;116(1-2):169-172.

2. HuM, Zhang X, Hu C, Teng T, Tang QZ. A brief overview
about the adipokine: Isthmin-1. Front Cardiovasc Med.
2022;9:939757.

3. Shakhawat HM, Hazrat Z, Zhou Z. Isthmin-A Multifaceted
Protein Family. Cells. 2022;12(1):17.

4. Martinez C, Gonzalez-Ramirez J, Marin ME, et al. Isthmin
2 is decreased in preeclampsia and highly expressed in
choriocarcinoma. Heliyon. 2020;6(10):e05096.

5. Xiang W, Ke Z, Zhang Y, et al. Isthmin is a novel secreted
angiogenesis inhibitor that inhibits tumour growth in mice.
J Cell Mol Med. 2011;15(2):359-374.

6. Liang JY, Wei HJ, Tang YY. Isthmin: A multifunctional
secretion protein. Cytokine. 2024;173:156423.

7. Hendershot LM. The ER function BiP is a master regulator
of ER function. Mt Sinai J Med. 2004;71(5):289-297.

8. Strange PG. Agonist binding, agonist affinity and agonist
efficacy at G protein-coupled receptors. Br J Pharmacol.
2008;153(7):1353-1363.

9. Zhang Y, Chen M, Venugopal S, et al. Isthmin exerts pro-
survival and death-promoting effect on endothelial cells
through alphavbeta5 integrin depending on its physical
state. Cell Death Dis. 2011;2(5):e153.

10.Li C, Zhong S, Ni S, Liu Z, Zhang S, Ji G. Zebrafish Ism1
is a novel antiviral factor that positively regulates antiviral
immune responses. Dev Comp Immunol.
2021;125:104210.

15

11.Lawler J, Hynes RO. The structure of human
thrombospondin, an adhesive glycoprotein with multiple
calcium-binding sites and homologies with several
different proteins. J Cell Biol. 1986;103(5):1635-1648.

12. Dawson DW, Pearce SF, Zhong R, et al. CD36 mediates
the In vitro inhibitory effects of thrombospondin-1 on
endothelial cells. J Cell Biol. 1997;138(3):707-717.

13.Rege TA, Stewart J Jr, Dranka B, et al. Thrombospondin-
1-induced apoptosis of brain microvascular endothelial
cells can be mediated by TNF-R1. J Cell Physiol.
2009;218(1):94-103.

14. Abderrazak A, El Azreq MA, Naci D, et al. Alpha2betal
integrin (VLA-2) protects activated human effector t cells
from methotrexate-induced apoptosis. Front Immunol.
2018;9:2269.

15. Yoshimoto S, Katayama K, Suzuki T, Dohmae N, Simizu
S. Regulation of N-glycosylation and secretion of Isthmin-
1 by its C-mannosylation. Biochim Biophys Acta Gen
Subj. 2021;1865(3):129840.

16.Cubbon RM, Mercer BN, Sengupta A, Kearney MT.
Importance of insulin resistance to vascular repair and
regeneration. Free Radic Biol Med. 2013;60:246-263.

17. Abed B, Farhan L, Salman, I, Atta S. A review on the role
of novel adipokine Isthmin-1 and Subfatin in human type
2 diabetes mellitus. University of Thi-Qar Journal of
Science. 2023;10(2):181-186.

18. Kirichenko TV, Markina YV, Bogatyreva Al, Tolstik TV,
Varaeva YR, Starodubova AV. The Role of Adipokines in
Inflammatory Mechanisms of Obesity. Int J Mol Sci.
2022;23(23):14982.

19.Jiang Z, Zhao M, Voilquin L, et al. Isthmin-1 is an
adipokine that promotes glucose uptake and improves
glucose tolerance and hepatic steatosis. Cell Metab.
2021;33(9):1836-1852.e11.

20.Liao J, Li Y, Gui X, et al. Serum Isthmin-1 Was Increased
in Type 2 Diabetic Patients but Not in Diabetic
Sensorimotor Peripheral Neuropathy. Diabetes Metab
Syndr Obes. 2023;16:2013-2024.

21.Bhatnagar S, Damron HA, Hillgartner FB. Fibroblast
growth factor-19, a novel factor that inhibits hepatic fatty
acid synthesis. J Biol Chem. 2009;284(15):10023-10033.

22.Menghuan L, Yang Y, Qianhe M, et al. Advances in
research of biological functions of Isthmin-1. J Cell
Commun Signal. 2023;17(3):507-521.

23.Zhao M, Banhos Danneskiold-Samsge N, Ulicna L, et al.
Phosphoproteomic mapping reveals distinct signaling
actions and activation of muscle protein synthesis by
isthmin-1. Elife. 2022;11:e80014.

24.Lei X, Chen H, Xu Y, et al. Serum isthmin-1 is a potential
biomarker for metabolic dysfunction associated fatty liver
disease in patients with metabolic syndrome and type 2
diabetes mellitus. BMJ Open Diabetes Res Care.
2024;12(5):e004514.

25. Ruiz-Ojeda FJ, Anguita-Ruiz A, Rico MC, et al. Serum
levels of the novel adipokine isthmin-1 are associated with
obesity in pubertal boys. World J Pediatr. 2023;19(9):864-
872.

26.Feng RQ, Xu MY, Feng RY, et al. Serum Isthmin-1 is
negatively correlated with HDL-C in type 2 diabetes
mellitus. J Diabetes Complications. 2023;37(10):108567.

27.Fan J, He J, Zhu J, et al. Sex-specific association of
circulating Isthmin-1  with isolated post-challenge



hyperglycemia. Front Endocrinol
2024;15:1394190.

28.Sentiirk Z, Kale I, Muhcu M. Investigation of serum
isthmin 1 concentration in pregnant women diagnosed with
gestational diabetes mellitus; a case-control study. J
Matern Fetal Neonatal Med. 2023;36(2):2271624.

29.Hu M, Zhang X, Gao YP, et al. Isthmin-1 improves aging-
related cardiac dysfunction in mice through enhancing
glycolysis and SIRT1 deacetylase activity. Aging Dis.

2024;15(6):2682-2696.

(Lausanne).

30.Reynolds LP, Grazul-Bilska AT, Redmer DA.
Angiogenesis in the female reproductive organs:
pathological  implications. Int J Exp Pathol.

2002;83(4):151-163.

31.Wang YG, Wang T, Ding M, et al. hsa_circ_0091570 acts
as a ceRNA to suppress hepatocellular cancer progression
by sponging hsa-miR-1307. Cancer Lett. 2019;460:128-
138.

32.Suman M, Dugué PA, Wong EM, et al. Association of
variably methylated tumour DNA regions with overall
survival for invasive lobular breast cancer. Clin
Epigenetics. 2021;13(1):11.

33.Zhou X, Zhang K, Wang C, et al. Isthmin-1 promotes
growth and progression of colorectal cancer through the
interaction with EGFR and YBX-1. Cancer Lett.
2024;590:216868.

34.Hemat Jouy S, Mohan S, Scichilone G, et al. Adipokines
in the crosstalk between adipose tissues and other organs:
implications in cardiometabolic diseases. Biomedicines.
2024;12(9):2129.

16

35.Venugopal S, Chen M, Liao W et al. Isthmin is a novel
vascular permeability inducer that functions through cell-
surface GRP78-mediated Src activation. Cardiovasc Res.
2015;107(1):131-142.

36.Berrun A, Harris E, Stachura DL. Isthmin 1 (Isml) is
required for normal hematopoiesis in developing zebrafish.
PLoS One. 2018;13(5):0196872.

37.Rivera-Torruco G, Martinez-Mendiola CA, Angeles-
Floriano T, et al. Isthmin 1 is expressed by progenitor-like
cells in the lung: phenotypical analysis of Isthmin 1+
hematopoietic stem-like cells in homeostasis and during
infection. J Immunol Res. 2022;2022:2909487.

38.Gao G, Li X, Jiang Z, et al. Isthmin-1 (Ism1) modulates
renal branching morphogenesis and mesenchyme
condensation during early kidney development. Nat
Commun. 2023;14(1):2378.

39.Lam TYW, Nguyen N, Peh HY, et al. ISM1 protects lung
homeostasis via cell-surface GRP78-mediated alveolar
macrophage apoptosis. Proc Natl Acad Sci U S A.
2022;119(4):€2019161119.

40.Tee JH, Vijayakumar U, Shanmugasundaram M, et al.
Isthmin-1 attenuates allergic Asthma by stimulating
adiponectin  expression and alveolar macrophage
efferocytosis in mice. Respir Res. 2023;24(1):269.

To Cite: Aledresi KAMS, Kural B, Kor S. An Important
Adipokine: Isthmin-1. Farabi Med J. 2025;4(1):12-16.



